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PREFACE 



This book on elementary chemistry is based on the plan 
a^hich, without esaential modification, the writer has been 
following for thirteen years with his classes beginning the 
cnbiect. Its inception was under the stimulating auggea- 
' tioa of the late Professor Josiah P. Cooke, of Harvard Uni- 
versity, an early advocate of what has been called the quan- 
titative method in teaching the subject even in elementary 
coDTBeg. The temerity of the writer in thus offering to Ma 
fellow-students and teachers the outcome of his personal 
experience is due to the hope, perhaps egotistic, that he 
may contribute, in howsoever email a measure, to making 
practicable and serviceable that which, he enthusiastically 
believes, is both scientifically and pedagogically an improve- 
ment on the older and still largely prevailing method. 

In the preparation of the book two things have been 
assumed : first, that sufficient laboratory facilities are pro- 
vided ; and, second, that the teacher has information in the 
subject beyond that which the book itself supplies. The 
laboratory work by the student is made a large and essen- 
tial part of the exposition, and it is generally asaumed that 
he has performed the experiment iUuatrative of a topic 
before he gives attention to the fuller presentation of the 



I game in 



in the text. 
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The writer fully appreciates the increased demand made 
by such a course on the teacher's time and strength, and 
he has therefore prepared to accompany this book a teach- 
er's aid, in which he has put whatever he has been able of 
suggestions which may be helpful and labor-saving to the 
teacher, but which do not suitably find place in a book 
designed for the use of students. 

A. V. E. Y. 
EvANSTON, III., June^ 1900, 






"POREWOfiD TO THE STUDENT 



Yon are about to enter upon the study of a branch of 
latnral science, perhaps the first to which experience haa 
brought yon, If I am to have the privilege, shared with 
your teacher, of being your guide in this, I beg the addi- 
tional privilege of addressing a word to you, at the outset 
of your study, in a purely personal manner and free of the 
formality of authorship. As a lover of nature, whether in 
the aspect revealed by science, or in that which lies open to 
him who has eyes to see and soul to feel, and as one to 
whom science study has brought much genuine enjoyment, 
^^ wonld that to you also this study might be not a task 
^^toly, even though interesting and profitable, but a source 
^^K real pleasure. 

^^M A large portion of your time will be given to experi- 

^^■enta. They may seem tedious at times, and may test your 

patience ; but they are designed to teach, not to amuse, 

and, in order to teach, they must be performed studiously 

and thoughtfully. It may be hoped that joo will find a 

pleasure added to mental activity in the accompanying use 

of the hands. 

_ Again, your experiments are generally to be thought of 

^^B'giTing you not proof of laws, but illustration, as aid to 

^^WMT ideas. In my own classes, I like that the student 
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sbonid, 80 far as practicable, get the dret notion of a topic 
through his own observation, instead of being told in pre- 
vious explanation what he is to Bee. In this way, I believe, 
there may come to him just a taste of the keen pleaeore of 
discovery that comes to the investigator and pioneer. 

I would reckon one opportunity of profit from a couree 
in phyaieal science as lost to that student who fails to 
acquire some increased measure of respect for the teachings 
of experience, which should serve him to good purpose, if 
rightly applied, in the daily conduct of life. 

Moreover, he should learn respect for material things, 
finding in them not alone facts, useful of application in 
practical life, and gratifying to the inborn curiosity of the 
human mind to know, hut likewise things worthy of oft- 
repeated contemplation, and gratifying to the intellect to 
admire. The lover of nature is not content with one view 
of a beautiful landscape ; nor is the lover of art cootent 
with one look at the handiwork of a great painter or sculptor, 
but he returns with fresh joy to contemplate the beauty 
which it embodies. Yet this is the work of the human 
hand and intellect. Likewise the student of natural science, 
I am sure, may, if he will, add much to the pleasure of hia 
work and to its ennobling influence by finding in thematft- 
rial things revealed by his science the handiwork and em- 
bodied thought of the mightiest of creators, worthy of 
repeated contemplation and productive of the noblest 
pleasure. 

the Perfect Poet, 
creation acts his own conceptions." 

BoBERT BoowNiHO. ia P&racelBn& 
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PART I 



CHAPTER I 

INTRODUCTION 

Matter, energy, sabstances.— In phy8i(;al phenomena thn 1* 
student of nature has learned to distinguish two thingn, 
Matter and Energy, Matter is all that which occupieH 
space, has weight, and is acted upon by various agents ; 
for example, earth, water, air, iron, wood, and salt. Energy 
is that which brings about change in things; change in 
position — ^that is, motion — as when a SxAy falls to the 
earth ; or change in nature, as wlien iron rusts, or wo^>'i 
bums, or water freezes. Energy is therefore the general 
name, not for any particular agent, but for all agent* tlrnt 
bring about the specified changes. Thus, gravitation, heat, 
electricity, magnetism, and light are only different forms 
or conditions of energy. Likewise, the very many things 
iaxniLiarly recognized, such as water, air, r^^al, copp^^r, silver, 
gold, and others not so familiar, are simply different kinds 
of matter ; to de^ignate these is used the term, HuhtstawM^H. 

Bnhifanioei are not peimaiieait. — Now, it is readily recog- t 
nized aE a fact of common obsen'ation. that subrtan^x-s, in 
many instances at least, are not permanent, but are fcubject 
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to change ; and furthermore, that the changes often 
in the diBappearaoce of the original substances, 
water may lose its liquid form and become solid, in wlih, ^ 
condition we call it ice ; or it may become gaseous, in^ 
which condition we call it steam or vapor. Wood rots a 
iron rusts, and in so doing both lose many of the propertiJ 
which make them useful. Wood and coal bum, and fti/ 
are converted into something which is neither wood i 
coal. A lump of augar, or of salt, when dropped into water, I 
completely disappears so far as we can see. And many 1 
similar observations might be cited. But, evidently, vi 
not make even the simple observation that iron ceases to '| 
be iron when it rusts, or that wood ceases to he wood when I 
it bums, or, in general, that any Hubstance, A, ceases to 
be A, or becomes some other substance, B, unless we have 
some means of identifying the substances, A and B, and 
distinguiahing between them ; and these constitute, in part. 
at least, the subject-matter of Chemistry. For present par-. 
poses, then, we may define Chemistry as that branch of 
physical science whicli deals primarily with the properties 
and transformations of substances. Physics, on the oth^ 
hand, deals primarily with the several kinds of energy a 
their transformations. The two sciences are therefc 
closely related, and many phenomena may be considered a^ 
properly in one as in the other ; and some must, indeed, ba 
considered in both. 
; Zdentifloation of aubstaiLOea. — We proceed, therefore, i 
study somewhat in detail the identification of substanoeK 
Broadly speaking, a substance can be identified only byitj 
totality of properties, but in practice it is possible to nM 
selected properties, since we have learned by experiene* 
that those are accompanied by the others which make up 
the total. Of the properties of a substance, ive designs 
as phyniral those which involve no change in the identi 
of the substance ; as chemiml, those which do involve aw^ 
change. But here, as often when we attempt to clas 
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>t define the things of nature, we find those which can not 
le placed satisfactorily in one or the other class, since 
Shej partake of the character of both ; and so we shall find 
:t coDTenieiit to recognize properties of a third class, and 
them as the pkysico-cJiemical. 



1. Physical Properties 

Among the physical properties useful for identification 4 
nay be cited : taste, odor, relative hardness, form (cryetal- 
ine), specific gravity (i. e., the relation between weight and 
rolum'e) ; also behavior toward (!) light, as to color, luster, 
ipaoity, etc. ; (2) toward electricity ; (3) toward magnet- 
am ; (4) toward heat. 

The chemical properties may be described, with but few 5 

:eptions, as the behavior toward other substances ; while 
the phenomena of solution and of aUotropism may serve as 
illiiBtrations ot physico-chemical properties. 

Before presenting formal statements and definitions con- 
cerning these items, it is best that they be studied by prac- 
tical illustrations ; and so snlphur is taken up first, as an 
object-lesson in description and identification of substances 
(see Chapter I, Part II). Following tlie observations and 
illastrative experiments made by the student in the labora- 
tory, the matter now to be presented may be considered as 
3- review and summary of the corresponding topics, with 
some added information, impracticable of illustration. 

Taate. — Taste is of limited applicability for purposes of <i 
identification, and in the chemical laboratory sliould be 
used with only the utmost caution, as many substances are 
extremely poisonous. 

Odor.^Odor is more often serviceable, but likewise must 
be used with caution. 

Form. — By form in this connection is meant only crys- 
talline form — that is, definable, geometric' form, which, as 
will be seen later, is often characteristic. 
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J Specific gravity. — The specific gravity of a aubi 
the ratio of the weight ol some sample of it 
the weight of an equal volumo of some standard sobsi 
Water is taken aa the standard for solids and liquii 
more strictly speaking, water at its maximum 
(temperature 4° C). For gases, both hydrogen and 
used ; the former is preferred in this study, and 
understood as the standard for gases unless it is 
specified. Inasmuch as the specific gravity of air 
to hydrogen ia 14.40, it is easy to pass from one scale 
other by the use of this factor. 

I Your experiment with sulphnr has given illustration of 
a method for determiuiug the specific gravity of solids 
which ai-e not soluble in water. If the solid disBolves 
water, some other liquid must be used in which the sab- 
stance is insoluble, and of which the specific gravity h 
known. Another method is based on the principle that a 
body when BUBpended and immeraed in a liquid weighs lesB 
than when weighed in air simply, and less by a quantity, 
equal to the weight of the liquid displaced. 

Since liquids and gases may completely fill their 
taining vessel, their specific gravity may be determined ^, 
weighing successively the vessel when empty, when filled 
with the standard, and when filled with the substance 
question. 

I ElBctriflcatioa^The electrification of sulphur by frii>i 
tion, so that it attracts particles of matter, is a minor item. 
Of the same order also, is the familiar observation thai 
iron is attracted by the magnet. 

The facts aa to color, luster, opacity, or transparenog 
usually appear simply on inspection. 

I Behavior toward heat — The behavior toward heat 
prime importance. Three eonditiona of matter are rei 
nized — the solid, the liquid, and the gaseous. These 
dependent on the temperature, or on the temperature 
the pressure combined. 
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r Fusidn or melting ia changing a solid into a liquid by ' 1 
tte agency of heat. Freezing, solidification, or congelation 
is changing into the solid condition from the liquid, some- 
timee from the gaseous, by the withdrawal of heat. The 
behayior of sulphur, which you have noted, ie peculiar in 
that the 'continued application of heat after fusion causes 
the liquid first to become semi-solid and then to regain its 
fluidity. The temperature at which fusion and solidifica- 
tion take place is definite and constant for a given sub- 
stance, and hence offers a valuable feature for identifica- 
tion. Its determination will be considered later. 

Boiling or eiullilion is the formation in a liquid of bub- 11 
hies of its own vapor. Evaporatiou — that is, the conver- 
sion of a liquid into vapor at its surface only^takes place 
at indefinite temperatures, even much below that of boil- 
ing. Bot bubbles of vapor form only in definite condi- 
tions, and therefore the temperature at which boiling takes 
place is also a valued feature, which later will be studied 
in detail. 

Dis/iltalion (for experimental illustration see not only IS 
Exps. 11 and 12, but also 20/, and 24/(,, and Appendix, 18) 
is the conversion of a 8o]i^l nr nf n li quid ititr) vapnr by heat- ■ 
iug, and this vapor in turn into a solid or liquid by cooling. 
It is serviceable in separating volatile from non-volatile snb- 
atances, or substances differing in degree of volatility, and 
is therefore often a valuable means of purification. That 
which is separated by distillation and condensed is called j 
the dislillale. Some substances may be converted from 
solid to vapor and back t« solid without passing through ' 
the liquid condition. This operation is called svblimatuin, 
and the condensed portion is called the gvhlimate. 

, In nature ths formation of rain maj be considered as distillation 
on Ml eDonnoos scsle. since nsl«r passes from the surface of the sea ' 

I and other bodies ot vater into the atmosphere as a T&por. is sobso- 
qneotly condensed into liquid form, and falls to the earth Bg:aiii as 
drops of raiu. Or, the water vapor of the atmosphere roaj Foodenae 
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directlj to the solid snowflake 0/ ta the frost; upon the window puie, 
and these we may think of as natural sublimates. 

Distillation and sublimation are used also in manj industrial opea- 
tions — (or example, in the Jimnulacture of alcohol, the reftning of 
petroleum, of si^phur, and of iodine. 

2. Chemical Properties 
[ Essential feature, — Returning to the observations mth 
sulphur : you have seeii that, if the heating is continued 
beyond the boiling point, the sulphur finallj takes fire, 
burning with a pale blaiah fianio ; that in consequence of 
this change, called combustion, the sulphur disappears ; that 
a substance appears which is gaseous at the ordinary tem- 
peratiire, haa a peculiar, stifling odor, changes blue litmns 
paper to red, and is thus a substance distinctly different 
from the sulphur itself. This change is a chemical one, ita 
essential feature being the production of a sujtalnnce other 
than the original — it is a change of idmtiiy ; whereas tke 
other changes already noted, electrification, fuaion, solic^ 
ification, boiling, sublimation, and distillation, all phyaii 
have left the substance still sulphur. The peculiar prodiu 
obtained by turning the liquid sulphur at about its boilii 
point into cold water certainly differs in some of its pri 
ertiea from the original suhstancei On inspection you hai 
recognize it as sulphur, yet on standing it passes back 
the brittle condition without a change in weight, and 
bnming it yields the same gaseous product that tho bril 
sulphur does. Such a change, considerable yet n6t 
fieient to constitute a change in identity, is called 
tropic ; and the plastic or amorphous substance and 
brittle or crystalline are said to be allotropic forms of si 
phur. Further Ulnstration of chemical change you bai 
seen in the production of iron sulphide from iron 
sulphur, zinc sulphide from zinc and sulphur, hydr* 
sulphide from hydrochloric acid and iron and zlno 
phides. 



1 zinc vA 

J 



Seoondary features. — You may also note aa secondary 1* I 
iifierences between physical and chemical changes, that the 
Former may involve but a single substance, whereas chem- 
ical changes must involve at least two, and generally in- 
volve more than two. There are a few, but only a few, 
changes which fall nnder the general form : substance A 
becomes substance B, or, more briefly expressed, A = B. 
Therefore the chemical properties of a substance may be 
a;enera!ly described as its behavior toward other substances. 
Again, the physical changes are often reversible by revers- 
ing the conditions ; thus sulphur changes from solid to 
liquid and then to vapor by rise of temperature, and then 
» fall of temperature reverses the changes. On the other 
hand, if the temperatnre be raised until the anlphtir bums 
— that is, until chemical action takes place and the new 
substance, sulphur dioxide, is formed— this change is not 
reversible ; that is, the sulphur can not be recovered by 
sooling the gae, 

3. Additional IlluBtrationB of Chemical Change 

The additional iilustrationa of chemical change have 
brought to your attention the four types, which may be 
^iven genera! expression iu the following concise equation 
forms, and which for the present have been sufficiently 
iwelt upon in connection with the illustrative experiments : 

»(1) A + B — AB (composition). ^^ ' 1 

(3) AB:^A-(-B (decomposition),/ ] 

(3) A -i- BC = B + AC (substitution). 1 

(4) AB + CD = AC + BD (double exchange). ] 



4. Additional Illtistratious of Physical PropertieB 



Solution. — We proceed now further to consider some of 21 
the physical properties. Solutioji is the conversion of a 
L or of a gas into a liquid by the action of a liquid. 



The term is also applied to the mixing of one liquid with 

another.' The substance dissolved is called the hlute, the 
liqnid which effects the soluHon the solvent, and, unfor- 
tunately for cleaniess, the_inixtare of these two — that is, 
the result obtained by dissolving — is called the solution. 
The phenomenon of solution has practically a limitation, 
qualitative in character — that is to say, some sabstances 
dissolve in some solvents and not in others, while some are 
practically insoluble in all solvents. Thus sugar, common 
Halt, alum, and copper sulphate dissolve in water, but not 
in carbon disulphide ; while sulphur dissolves in the latter 
(see Exp, IS/s), but not in water. And yet those sub- 
stances -commonly reckoned as the most insoluble do, in 
many instances, dissolve in minute quantity. Thus, for in- 
stance, sand, limestone, and glass would in ordinary expe- 
rience be thought insoluble in water, yet they do appre- 
ciably dissolve. 

Sl/1 ^lution plays an important part, often on a vast scale, in the pro- 
cesses of nalufe, and in these, water is the great sol vent. Water pass- 
ing through the atmosphere and over or tlirough the earth's crust di* 
solves many substances in quantities — small perhaps in proportion to 
the qnantity of the solvent, jet large in the aggregate, since the quan- 
tity o( water is enormons. These ultimately, at least in large pw^. 
reach tho sea, which thus becomes a vast reservoir, not only ol watoft. 
but also of soluble matter from the solid portion ol the earth's criub^ 
This is the most stupendous instance of the phenomenon of aolntioHj 
within our observation. In the vital 'processes of the plant and of 
animal, solution is of great importance, serving to bring the constitAal 
of the fond into condition suitable for distribation and assihiilation 
the different parts of the organism. 
■!cl/3 Solution is an operation of prime itnportance also in the indoat 
arts as well as in the laboratory. It is naed not only to separate soil 
from insoluble substances and substances of different degrees of 
bility, and consequently as a means of purification, but also to brii 
about a condition suitable for some other operation or change, 
refining of sugar is one of the innumerable instances. 

, Bl/3 The property of solubility or insolubility, or the dej 
of solubility, is also of great practical value in the ideitl 
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cation of substances. The quantity of a given snbatance 
which a definite quantity, say one hundred grama, of a 
given solvent can dissolve is limited, and is dependent on 
temperature, and, in the case of gases, on pressure also; 
but for a definite temperature (and pressure) the quantity 
is definite. The solubility of solids gonoraUy increases with 
increase of temperature, but in some instances it decreases. 
The solubility of gases diminishes with increase of temper- 
ature, gjfj if. ini-rpggpa yj jth incTPaRP. of prfisSTlrP . A solvent, 

when it has dissolved the maximum of a given substance, is 
said to be saturated . Unsaturated solutions of solid or 
non-volatile substances may be concentrated by evaporat- 
ing the solvent (see Exp. 21/,), and the solute may be 
recovered, often unchanged, by making the evaporation 
complete (see Esps. 17/i b and 18/A). 

Crystallization. — If saturated or nearly saturated solu- it^ 
tions remain undisturbed, so that slow cooling and evapora- 
tion may take placo, the solid in many instances separates 
in definite geometric forms, as you saw in your own experi- 
ments with alum and copper sulphate. This is crystalliza- 
tion, [t may accompany solidification, not only from the 
state of solution, but also of fusion (seen in the sulphur ex- 
periments, Nos. 11 and 13, and 12/i), and even from the 
gaseous condition (seen in the experiment with iodine, No. 
20/,, the sublimate of which is beautifully crystalUno). In 
the crystallization of mixtures each individual substance 
cryatallizea by itself, in its own peculiar form, and therefore 
crystallization is a most important means of separation and 
purification, furthermore, the peculiarities of form — that 
is, the shape and disposition of the faces, the dimension of 
the angles, etc. — are definite and constant characteristics 
of the substance, and therefore of great value in identifi- 
oation. 

Crystullization on the large seale flnds abundant illustration in 21/5 
nalare, since man;- constituents of the earth's crust exist in eryBtalline 
oondition, either in large masses of crystalline structure, like granite. 



10 ELEMENTARY PRINCIPLES OF CHEMISTEY 

mtirbla, etc, or as distinct individual cryatuls like the diamond, rubj, 
emerald, and many other valued gems. Manj manufactured producta 
also appear in crystalliuo condition, of which sugar and salt maj be 
cited Hi examples. 

21/0 Substances when they do not show this definite geomet- 
ric or crystalline form are said to be in the amorphous con- 
dition. Some substances are capable of crystallizing in two 
or more distinctly diGercnt forms. They are said to be 
polymorphous, or, if they exhibit only two forms, diti^r- 
phous. This property yon have seen in the two crystal- 
line forms of sulphur (see Exps. 13/,, and IS/^). On the 
other hand, some instances are found of different substances 
exhibiting the same crystalline form, and such aubatances 
are called isomorphous ; examples are calcium, magnesium, 
iron, and zinc carbonates. 

Bl/7 Many substances, not all, in crystallizing from water 
solution, contain water as a constituent, although no evi- 
dence of this is seen by simple inspection of the crystoL 
This is termed ivater of crysiallizalion. It can generally 
be driven off by heating, and the crystalline structure is 
thus destroyed, as you have seen with copper sulphate. In 
some instances the crystal first melts in its water of crystal- 
lization, as in the case of alum. Substances from which the 
water has thus been taken and substances which contain 
no water are said to be dehydrated or anhydrous. Ag^n^ 

81/8 some substances lose their water of crystallization at tih^ 
ordinary temperature ; such are called efflorescent ; ezam^ 
pies, sodium carbonate and sodium phosphate. On the 
other hand, some substances absorb water from the atmoE 
phere and tend to liquefy in consequence ; these are 
scribed as deliquescent ; examples, zinc chloride (see E: 
17/ib), calcium chloride, and sodium hydroxide. The terml 
hygroscopic also is applied to substances which thus abso] 
water, but this does not imply liquefaction. Thus, coi 
mon quicklime — that is, calcium oxide — takes water abi 
dantly, but retains the solid form. 



of solutiim. — >ol:i:;^'::. -viuu >o'li;io au^l ?olveii: 2S 
ire of :lie .-^aine rcinpt-r:i::-Lr';- "''vioro :iiixiii::, is :;siially. -icc 
ilwajs. aucompaniLMi n- :\I::.::..:i >: :o!iipi'r:in;ro. Thus, 
common salt tiissoh-iii^- ::ii -v-rc-r '.v.»wors :iie roinperaturo. 
Brhile soiiium livflroxiLi.c ;ii i. ..•■.i.ro.-iiiorio ;u*id niiio ii. 

Meltiiig pdnt — T.iL* •■;■-■ ■ - -^i :i siilv-tanoo is "he 23 

:emperararo at whirh it .11.-.:=. .n.i. "lit* ''■■■•'://"/ '>'■".■.- -.s "he 
[trinperarure at wiiiuii :: -•.i.lir..-? ; iii-.L ^eiiij: iciiiiitc hl-I 
■uniTianr <:liaracteristu-.- -i" : '-r—'idt-i -ub^tajice, ~iiL-v ire. 
is alreaiiT sTiggestoii. iM-r::. .11 i-.-f-c:':p:i'.'n. •'•ne Tr.ui.i -s- 
;*eot The two tompenitr.rt-s ■.■ — .'■■ii.i^' .dt.-iitii:ai. "^'-r ".ibaer- 
rarion shows that rhi- ".i-! ■.;:•.: I'.-r::! i.s Miiiifrinic-s ■.•r-taineti 
jeloTT the meltinir p««inr. Th:.- ^"•■ii-zii'meii'.'Ti. -ailtri »»/r- 
'i(.*/jfK niav i.-aiise iiTOL'tiiar::"' .ii "h?* •/ri.-«rr'ration ■>r" 'he 
Teezing p«»mt. Y">iir -x^ifr:!:.-!:: .iv.--? iilu.straiiun -ji me 
nethoii appiicablo in ^iir-i .:.--r'-.trinn>. Tith v ".arqer 
iuanTirr ot' the substanrt'. "h- i';:lj -f :iie "hermomettrr may 
>e thnst into the li([niii. m-i ".it- .:iTr*.-r hn -tirrr-ii iurinir 
:he HoLiiiidcation. 

The presence of -iubstjuif-f: in -'iririon "irn'i.^ "o iower the -IXl 
Teeziiuz" point of the .soiiirii.in i.^ •■'r:iij;trf"i vj.:! -:iar of the 
jure soivent. Tliis piu-nnrnf-niin 'v-\\ "j^ -r:i<iit:«i nijiutita- 
ivelv in Chapter V. 

K'?'/<r of a siibstanoe. 'ietineti .n :;>• -'.•:<-re>?: -/-fi^t r'nr .)'ir- 
)0?e of -lesr-ription. i^ "iie iriiirciiriurr] ~t-mr)erar;'ir''r viir-n .:.-. 
•apCT attains when it Ls in •■'.■^r:i.f* rrii r.if- j'.jiin;: .\fi::\fi 
nd frr-r t> escape into 'lie ir:nr.-!j:.^-r^- : .r. v. »';i-r v.-i:--;-. 
'her. :t rjie a pressure '»r *-»-r:.':Mr: -nuu *♦« -iwi: .f '..f-. ..' 
onndir.*' irniosphero. If - hi.-, jr ■->■•]:•'■? ..- h-r'-.-j--: .' ■'» ■ '^ 
niiii t.tr "iDor or bv ri^e .n "iie ir.iio-rjr.'-r. ■ ;.- •-- .. '•. ..• '• 
be tenperfiture of rhf -.Uior xnti -:" ^.'- . . .■ 
HI t-r iii^her: if the ;jrf--^:ir> ..-. u-t--::— ■: 
le Tit-.r .-r bv fall in ^iie i.r.r.i'-:j.'.>-r , • - .. 
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eratt::re t-.'.I be lower. F-ir ■■.'.•..;■•'■• . -■''..'■■*■■. 

le prcir-re jf the vapor. i« vr.. --. .. • ■ .. - - • • --■'■ — 



ELEMENTARY PRIKCIPLES OF CJ 

he specified, and the normal atmospheric presBure at the 
sea level — that ie, 760 millimeterB or 29.92 inches — is 
chosen aa the standard pressure. The ordinary rariations 
of the atmospheric pressuTO, however, have so small effect 
on the boiling point tliat the variation may for many pnr- 
posea he ignored. A change of 27 millimeters (or l.( 
inches) in barometric pressure, or of ahont 1,000 feet in 
elevation, makes a difference of 1° C. in the boiling point. 
Thus water, boiling at 100" C. at sea level, boils at 86" C. 
on the top of Mont Blanc. 

The fucts thnt incrense of pressure misea this temperature, 
that decrease of pressure lowers the same, find raaoy practical appli- 
cations. Thns in extracting gelatine from bonea, the solvent powra td 
the water is increased liy boiling under pressure ; and in the refining 
of su^ar the concentration of the sirup is greatly facilitated by erap- 
oration under diminished 



The boiling poiut has been defined, in accordance with 
scientific usage, as the temperature of the vapor. Yet the 
term is also used, even in scientific literature, to designate 
the temperature of the boiling liquid. This is unfortunate, 
since it is important to discriminate between the two, ica 
the temperature of the liquid is often higher than that oi 
the vapor. Various eircuniBtances cause this. Whatever 
24/2 tends to hinder the formation and escape of the bubbles of 
vapor tends to raise the temperature of the liquid abor^ 
that of the vapor ; conversely, whatever tends to facilitate 
the same, tends to make the temperature of the liquid the 
same as that of the vapor. Thus, water boils more readily 
in an iron vessel with rongh surface than in a glass ( 
with smooth surface. ludeed, in a glass vessel, whose im 
surface has been very thoroughly cleaned, water may 
raised to a temperature considerably above 100° C. IJa t 
condition a grain of sand or a fragment of glass dropped 
in, or a stirring rod inserted, may cause sudden and -viole 
boiling. This phenomenon of irregular boiling, commi 
called in the laboratory humpinff, is often verj 



and variouB expedients are used to prevent it, siTch as con- 
stant stirring, or fragments of broken glass, or pumice, or 
platinum foU. Thus also the presence of dissolved air or t 
other gas tends to facilitate boiling. On the other hand, i 
the presence of non-volutile substances in solution tends to 
raise the temperature of the boiling solution as compared 
with that of the pure solvent ; this fact has important quan- 
titative relations, which will be considered in Chapter V. 



5. Defimtions and ClassiflcatiouB 

Some branches of chemistry, — It is suitable to introduce at 
this point some additional statements and definitions which 
do not call for special experimental illustration, although it 
is not to be expected that the full aigniflcance of these 
statements will be understood at this stage of the course. 
From what has been already presented, it may be seen that 
the eubject-matter of oar study has a twofold aepect. We i 
may give attention primarily to the flpaprip^:irm j[pH jflpn- 
t jfication and cl^ atfloation of (jfifjiit e chemical fjnhHtnTicRR, 
and this may be called utaiic nhemin/n / j or, on the other 
hand, we may give chief consideration to the changes of suh - 
atances as changes , and this is the aim of fh(nnmic nhmninfrji . 
Of the first division are the subjects qualitative analysis 
and quantitative anali/sis. The former consists of syste- 
matic methods for the identification and recognition of sub- 
stances; the latter, of methods for determining the quan- 
tities of substances. Analysis is vUimaie when it is con- 
cerned with the qualitative or quantitative determination 
of elementary constitnents ; aiiii. proximate when it is con- 
cerned with constituents other than elementary. 

In dynamic chemistry we have to consider such subjects 
as the factors, products, laws, agency, energetics, etc., of 
chemical change. For this last phrase the more, technical 
one, chemical reaction or inte-ruotion, is commonly used. 
The factors are those substances in presence before the 
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change takes place ; the products, those present after the 
change, TJie factors and t]ie products considered collect- 
ively may be conveniently designated as the system under- 
going change. 

r Elements and compoundB defined. — All substances may be 
.claBsified as elements or as compounds. An deiiwntary snb- 
atance is one from a given weight of which no other aub- 
stance has been obtained less in weight than the original. 
Examples: sulphur, iron, zinc, iodine. A compound sub- 
Btance is one from a given weight of which other substances 
have been obtained, each less in weight than the original. 
Examples: sulphur dioxide, iron sulphide (Exp. 13/ja), 
zinc sulphide, lead iodide {Exp. 15/,), magnesium, zinc, and 
lead oxides (Esps. 15/s, IS/j, and 15/i), lead nitrate (E:qi, 
16/,), zinc nitrate (Exp. 16/,). 

i It is important to distinguish between a chemical com- 
pound and a mechanical mixture. The first is homogeneouB, 
and has properties of its own, distinct from those of jta 
constituents; the second is not homogeneous, and showB 
only the properties of its components. Thus the powdered 
zinc and sulphur in your experiment (Exp. 13/,), before the 
application of heat, is a mechanical mixture,- showing only. 
the properties of the zinc and of the sulphur. A miorce 
scope diatinguiehes the different color of the zinc and 
phur particles. Water, dissolving neither, separates tin 
more or less completely by difEerence in specific gravity. 
Carbon diaulphide dissolves the sulphur and leaves the i " 
while hydrochloric acid dissolves the zinc and leaves 
sulphur. But the product of the chemical change- 
is, the zinc sulphide — has its own properties, distinct 
those of zinc and those of sulphur. 

) It is customary to divide the elements into the mex 
and those which are not metals, that is, the non-meti 
and to consider the two classes separately. This clasf 
tion^has largely lost its original significance and im] 
tance, however, and it is preferred, in this presentation, 
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make the classification a secondary matter, and to use the 
term meial rather in the ordinary non-technical sense, im- 
plying those properties associated in familiar obaerFation 
with substances like iron, copper, gold, and silyer. But 
special importance is attached to the question concerning 
each element whether its combination with oxygen pro- 
duces a base-forming or an acid-forming substance. The 
elementary Bubstanees in alphabetical list are given in TaMe 
X, Ko. 643. They number seventy-four, and to this com- 
paratively small number of constituent substances all known 
forms of matter are reducible. 

Componnds classified. — Three groups of compounds may SO 
be defined now ; they are important, althougji they do not 
by any means include all compounds. These are the acids, 
the iases, and the salis. The acids are substances contain- 80/1 
ing hydrogen as a constituent, which hydrogen is replace- 
able by a metal, the product being a salt. When soluble 
in water, as most of them are, they are sour, change blue 
litmus to red, combine with bases to form salts, and in con- 
centrated form are often very corrosive. Examples : hydro- 
chloric, nitric, and sulphuric acids. A bane is a substance 1 
containing oxygen, often hydrogen also, and always a con- 
stituent other than these two which in the most common 
bases is a metal. When soluble in water, they are generally 
slimy to tlie touch, bitter, corrosive, change red litmus to 
blue, and combine with acids to form salts. Examples: 
ammonium hydroxide, sodium hydroxide, lime, that is, cal- 
cium oxide, and magnesium, zinc, and lead oxides. The 
aalts are substances formed either by the replacement of ) 
the hydrogen of an acid by a metal, or by the combination 
of an acid and a base. The peculiar properties of the acid 
and the base disappear in the salt, or are neiUraH xtid, some- 
times completely, sometimes only in part. When they are 
neutralized exactly, so that the salt has no action on lit- 
mus, it is said to be neutral. Examples : ammonium chlo- 
ride, copper sulphate, zinc sulphate, lead nitrate. When 



all the replaceable liydrogen of the acid is completely and 
gO/B exactly replaced by ita equivalent of metal, or basic con- 
Btituent, the salt is said to be normal. A normal salt may 
have neutral, acid, or basic reaction on litmus ; thus, ammo- 
ninm chloride is normal and neutral, alum is normal and 
has acid reaction, sodium carbonate is normal and has basic 
reaction. When a salt contains' more than the normal 
80/6 equivalent of acid,'it is said to be an acid salt; such are 
I sodium acid carbonate, and acid sulphate. When it con- 
tains more than the normal equivalent of base, it ia said to 
be a basic salt ; such is the basic lead acetate. 

81 Reactions oksBi&ed. — Chemical reactions may be claBBi- 
fied, in part only, as analytic, synthetic, and metathetic, at 
mixed: analytic, when they change compounds into their 
constituents; synthetic, when they change constituents into 
compounds ; and metathetic, when they involve botH analy- 
sis and synthesis, or the exchange of constituents. Thus 
the oonverBion of iron and sulphur into iron sulphide is 
purely synthetic ; of iron sulphide into iron and sulphur ia 
analytic ; while the action of hydrochloric acid on iron sul- 
phide is metathetic, since the hydrogen and the chlorine of 
the first and the iron and the sulphur of the second are 
separated, and then the hydrogen and the sulphur combine, 
also the iron and the chlorine. "RTien a constituent of a 
compound is caused to leave it, and anotlier substance 
appears as constituent in its stead, the process is called 
substitution (see Exps, 17, etc.). 

82 ConclnBion. — The leading idea of this chapter is the fact 
of chemical change — that is, the transformation of sub- 
stances, involving the disappearance of some, and, depend- 
ent upon this, the appearance of others. This lias been 
called change in identity. Along with this have been pre- 
sented some definitions and classifications. And in thia 
connection it is interesting and instructive again to note, 
that the application of these to natural phenomena is often' 

iBslul. Thus it seems a simple matter to define 
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chemical changes as has been done; nevertheless changes 
are not infrequently encountered, of which it is impossible 
to decide whether they are chemical or not, because it is 
impossible to determine whether or not there is a distinctly 
new substance produced. So also with regard to acids and 
bases : some substances act in one compound as acid and 
in another as base, and in some instances there seems as 
good reason to call it the one as the other. Xone the less, 
we may make profitable use of such definitions and classifi- 
cations ; and at the same time, we do well to bear in mind 
the fact that nature is not limited by the \)ountbirieH of 
man's thought. 



CHAPTER II 



1. The Law of Peraiatence of S 



t Having now acquired a notion of tlie method of iden- 
tifying and differentiating subatancea, and also of the re- 
markable tranafor mat ions which a system of substancei 
may undergo by which other substances are produced, 
differing entirely from the original in properties, we paBB 
to a closer study of the peculiar quantitative character- 
istics of these chemical changes. And the moat fuiid&-< 
mental fact to be learned is, that by these changes the' 
quantity of matter — that is, the mass of the systei 
neither increased nor diminished. That this is true, doeft. 
not by any means appear upon the face of things. Numer- 
ous experiences of everyday occurrence can be cited which 
would seem to prove that the reverse is true. Thus ii 
burning of wood, or of coal, or of a candle, one would eon-- 
elude from appearances, as people did for many years, that 
matter is destroyed, or its quantity diminished. If we drop 
a piece of marble into hydrochloric acid, the marble slowly 
disappears. Ou the other hand, in seeing mercury sulpho- 
cyanate bum, one might suppose that the quantity of matn 
ter is largely increased. If, however, it is burned on th^ 

84/1 balance, we see at once that the first supposition is wrong-f 
that, although it has increased much in volume, the resitlag 
which is left on tlio balance after burning actually weig^ 
less than the original material ; and, if we burn a weighed 

84/2 taper and collect and weigh the products of conibustio 
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e find that the products weigh more than the taper con- 
Likewise, if we weigh the lump of marble and the ] 
Icid before bringing them together and afterward, we 
a that loss of weight accompanies the disappearance of 
: marble. What is the explanation of these apparent 
Sontradictiona ? 

To answer this qaestion we mnst investigate still further 

lyond appearances. We note that the disappearance of 

be marble is also accompanied by efE.erveacence. This im- 

iies the liberation of a gas, the escape of which must cause 

B in weight. We operate so as to retain the gas, and we 

^d neither loss nor gain in weight. Likewise we maj 

1 that when the mercury sulphocyanate and the taper 

, there is combination of the oxygen of the air, an 

■Tisible gas, with the material of the combustible ; and 

nt other gases are produced, also invisible, which by 

Japing cause loss of weight ; and, furthermore, that these 

ieous productg, in the case of the taper, weigh more tfi&n 

Kttte taper consumed by just the weight of the oxygen which 

i entered into combination. The error of the earlier 

wnclnsions, therefore, has come from overlooking some 

Wot the substances involved in the change. It is only 

Bhy taking them all into account that the truth has been 

whed. 

This great law is known as The Indestructibility of Btat- i 
; better, as The Persistence * or Conservatioa of Mass. 
k may be stated as follows : 

In any syntem of gwbslaiices undergoing chemical change 
( of the entire gi/stew remains conntant, or the 
ig of the factors is equal to the total mass of the 
\ prottuets- 

This Uw is found to hold true throughout the whole ! 
range of experience, absolutely without exception ; but that 



* " Perrfstence " is preferred to "Conservation," following the 
lUon of Herbert Spencer in " First Priueipies.'" 
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it ia based solely on experimental observation, and ia not 
any means axiomatic, should not be forgotten. 

8*/8 It wag not discovered until the balance w»b used to givf 
its evidence. And this was done in the main by Lavoi^er, 
a French chemist, in a series of investigations, estendin; 
from 1770 to 1780, which showed the error of previona con- 
ceptions, and which are regarded as the beginning of modeiD 
chemistry. 

84/9 This law has its parallel in that other great geneimliai- 
tion of more recent discovery, wiiich lies ut the foondu- 
tion of physical science, viz. ; The Law of the Otmaem 
tion or Feraistenoe of £nei^, which is that in any ayitem 
of bodies, mutualli/ inlerading, the total energy of th 
system remains imistaiil. 

2. The Law of Fixed or Definite ProportionB 

' Analysis of your experiment with ammonium hydroiidt 
and hydrochloric acid (No. 37) shows, within the limit.flf 
accuracy attainable in the given conditions, that the iqM 
of these two substances which combine to form the jl 
ammonium chloride, bear a riitio to each other - 
constant in the three parts of the experiment; that a 
cess of either constituent above this ratio has no ( 
upon the quantity of salt obtained nor upon its propi 
In other words, the three portions of salt obtained ara'lj 
ferent samples of the same definite substance and conj 
the same relative qoantitiea of the constituents, ammoi 
hydroxide and hydrochloric acid. 
37/4 The fact here illustrated is foand to be u general onS| 
and to bear the test of the most refined esperimenl*! 
methods without established exception. It is formulated 
in The Law of Fixed ProptniumB, which may bo thus stated 
I 83/5 Any sample of adefinite chemical 8ub3tance,n!>leleinentarj 
is composed of the same consliiuents, combined iu the son 
relative quantities, as any other sample of the same subsfoj^ 
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The conception of the fixity of ratios was in the minds ) 
of chemista more than one hundred years ago. Bergmann 
was apparently guided by it, and Lavoisier distinctly for- 
mulated it, but ita truth was not admitted without dispute. 
It was called in question in 1799 by Berthollet, a famous 
French chemist. This led to a long diBCusaion, one of the 
most remarkable in the history of the science, between him 
and another French chemist, named Proust, who undertook 
the defense of the law. The ideas of the latter prevailed, 
and, by 1806, the truth of the proposition was generally 
admitted ; although even in late years there have appeared 
suggestions that the law may be subject to variations within 
very narrow limits. In view of this history and of the 
nature of the law itself, the same degree of absoluteness 
should not he claimed for it as for the first law. 

It ia to be noted that the Law of Fisod Proportions J 
afidi'ms the intimate relation between properties and com- 
position. "With identity of properties there is identity of 
composition. It does not, however, follow from this, nor is 
it indeed true, that with identity of composition there ia 
identity of properties. There are many substances not 
identical, which are nevertheless composed of the same 
constituents combined in the same quantitative ratio. 

To the Law of Fixed I'roportions may be given an f 
Alternative Statement, somewhat broader and more suggest- 
ive of the dynamic conception, thus: 

In any syslem of siibslaneen undergoing ehemical change^ 
the active masses— that is, the quantities acUially takitig part 
in the change, both of factors and of products— bear a fixed 
ratio to each other, always the mrnefor a specified change. 



3. The Law of multiple Proportions 

The third charact-eristic of chemical change is perliapa i 
ren more striking than the two already studied, and is of 
I very great significance. It was noted by Proust, and still 



earlier by Eichter, that Bome aubatances combine in more 
than one ratio, producing distinctly different substances. 
They failed, however, to note the multiple relation of the 
varj-ing quantities. This was due, perliapa, in part to the 
inaccuracy of their quantitative determinations. It was 
left to Dulton, a teacher and chemist living in Mancfaester, 
England, to discover this important relation and to an- 
nounce it aboitt the year 1804, 

The law is illustrated in your experiments with mercurj 
and iodine (Esps. 40, etc.), wherein it is seen that these 
snbatances combine in two different ratios, producing two 
distinctly ditferent substances, and that for the same weight 
of mercury the weight of iodine in one is just twice that 
in the otlier. 

The general fact la known as The Law (^ Multiple Fro- 
poitioiUi and may be stated thus : 

Jft ICO substances combine in more than one ratio, form- 
ing Uistinctly different products, and if in such cases tha 
quantity of one constituent is reckoned as constant., then tht 
varying quajitities of the other constituent are in the ratio of 
small whole numbeTS. 
44/e It was the discovery of this law, based, it is true, 
very few observed instances, that led Dalton to the in' 
tion of the atomic theory in its modern form — a thei 
which in importance is second to none in the science 
chemistry, 
r Note.— The law holds without eseeption, although there 
are many instances in the so-caUed organic substances, com- 
pounds of carbon with other elements, in which the rela- 
tion seems less simple than is stated in the law, but they 
do not constitute valid esceptions to the law for reasoDAL 
which would hardly be understood at this stage of 
course. 
I utjs The multiple relation holds for quantities measured 
volume as well aa by weight, if the substances are in 
gaseons condition. 



>i.-' 
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4. The Law of Equivalent Proportions * 

It Jias been seen in your experiijjBnts, Nos. 41/i and 4I/2 , 41 
that 2i grams of magnesium and 6d grams of zinc combine 
respectively with 16 grams of oxygen approximately. De- 
fined with the utmost accuracy, the statement is that 24.1 
grams of magnesium and 64.91 grams of zinc combine re- 
spectively with I0.88 grams of oxygen. It is also a fact, 
although not shown in your experiments, that these same 
masses of magnesium and zinc combine respectively with 
equal xjuantities of chlorine, namely, {2 X ^.18) grams, 
and with equal quantities of ioditie, namely, (2 X 125.89) 
grams. 

Then in your experiments, Nos. 4I/3 and 4I/4 , it is seen 
that these masses likewise displace equal quantities of hy- 
drogen from an acid. This value, most accurately deter- 
mined, is 2 grams. Now, mgjgnesium and zinc do not com- 
bine with each other, but 2 grams of hydrogen exactly 
combine with 15.88 grams of oxygen in the formation 
of water; and one gram of hydrogen combines exactly 
with 35.18 grams of chlorine, and with 125.89 grams of 
iodine. 

Still another phase of this phenomenon is seen in the 41/6 
following facts : 31.83 grams of sulphur combine with 64.91 
grams of zinc ; also, 15.88 grams of oxygen with 64.91 grams 
of zinc ; and sulphur and oxygen combine with each other 
in the ratio of 31.83: (2x15.88) in sulphur dioxide and 
31.83 : (3x15.88) in sulphur trioxide. 

Generalization upon the many facts of this nature gives 



* Inasmuch as the experimental study of this law involves the 
measurement of gas-volume, the instructor may prefer to introduce 
the laws of Boyle and of Charles, Chapter IV, at this point. The 
writer prefers to give them simply as arbitrary rules and to study 
them later, rather than to interrupt the logical development of this 
chapter. 



Elementary principles op che: 

itljl Tlie Law of EijDivaleiit Proportions, to which there seems 
to be 110 exception ; it may be stated thus : 

The masses of two or more substances, A, B, C, etc., which 
comMne respectively with a constant mass of another svb- 
stance, M, are also the masses or bear the relation of smaU 
multiples to the masses of A, B, C, etc., which may combine 
respectively with a constant mass of any other substance, X, 
or which may he chemically substituted respectively for a 
constant mass of a substancBr. X^, or which may combine with 
each other. 

We may conceive that the masBSB ot two subBtancea, A 
and B, produce equal chemical effect when they combine 
respectively with a constant mass of the substance, X ; like- 
wise when they displace a constant mass of the constituent, 
C, from the compound, C D ; also when they combine with 
each other to form the compound, A B. By means of thifi 
conception the law may be given a more general expression 

41/8 in An AltematiTe Statement, thue : 

Those active masses of substances which produce equal 
chemical effect in a given reaction are also the active masses 
or bear the relation of small multiples to the active masses of 
the same substances which produce equal effect in any other 
reaction in which they take part. 

41/9 Tho first notion of the remarkable facts generalized in 
the fourth law, without by any means a conception (^, 
their full extent or of their significance, is credited by BoMS' 
to a German chemist, Richtcr, and to the year 1792, and bjF 
others to Wenzol, and the earlier date, 1777. 

CoroUariea. — The following important corollaries are da- 
duciblc from the fourth law, taken in connection vnS 
those which precede : 
42 CoBOLLAKY I. — It is possible to determine by experii 

I what mass of every elementary substance combines toith 

gram of hydrogen (the lightest substance specijicaUy 
chemically) or with that quantity of some other substt 
which, ill its turn, combines with one gram of hydrogt 



{practically 7.94 grains of oxygen, or 35.18 grams of chlo- I 

rine) ; or, wJtat mass displaces om gram of hydrogen from M 

some specified compound. And, moreover, the constituent m 

masses of the elements in any compound, and their active H 

masses in any reaction, stand in the ratio of these quart- I 

titiea or of multiples of the savie by a whole number. 1 

Definition. — Those fundamental quantities, specified in It.J 

CoroUarj I, are called the equivalent weights -or equivalent I 

masses of the elements. Now, many of the elements com- I 

bine with hydrogen or with oxygen, or with chlorine in more I 

than one ratio. These substances would have, therefore, I 

two or more values which would answer the definition of I 

equivalent weight. But since the relation of multiples 1 

holds between these values, as expressed in Law 3, the fact I 

that there may be more than one value does not interfere I 

with the truth of Corollary I. I 

Great significance, both practical and theoretic, attaches 11 ] 

to the equivalent weights and to the facts fonnulatcd in J 

this corollary. And the whole system of expressing mass I 

relationa in chemical phenomena is based upon the use of j 

the equivalent weight, or of a multiple of the same. Ma I 

chemical unit, peculiar to each element, and upon the ex- I 

pression of the relative active mass in terms of this unit, I 

with a coefficient which is always a whole number. That \ 

auch a system is possible, is clearly a eonsequenee of the I 

foregoing laws. That one equivalent rather than another J 

is used, when two or more are possible, or that a multiple ] 

instead of the equivalent itself is used as the basal unit, is I 

a matter of choice, determined conventionally by the applica- I 

tion of certain principleB or of certain theories. . For the ] 

reasons which are presented in detail in Chapter V, the I 

equivalent weights of certain of the elements have been J 

multiplied by a small whole number, two, three, foiir or five, ■ 

and the values thus obtained together with those of the I 

equivalent weights which are left unmodified, all of item I 

determined with the utmost available accuracy, constitute I 



b 
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the elementary conibining v:etghts, which are made the basal 
nitite, just referred to, for expreBBing the quantitntiye mass 
relations in chemical phenomena. 

The elements with their equivalent weights, the factors, 
and the combining weights are given in Table XI, No. 641, 
in natural order — i. e., in the order of increasing combining 
weights, 
i CoBOLLABY ll.^Ii is evident that the combining Tnass of 
a compound must be Ike sum of its elementary constituml 
combining masses. 

For oxam|)le : Using round aumbers simply, the combining weight 
of water is 18 grains, since it contaiDS hydrogea and oxygen in the ratio 
of 2 grams to 16 grams — that is, two combining weights of the (ormer 
to one combining weight of the tatter ; of ammonia is IT griims, stnoa 
it contains nitrogen and hydrogen in tlie ratio of 14 grams to 8 grams 
— that ia, one combining weiglit to three combining weights; of carbon 
dioxide is 44 grama, since it contains carbon and oxygen in the ratio ol 
13 to 33 — that is, one combining weight to two combining weights. 

1 CoHOLLAKY III. — It is possibls, therefore, to represent th» 
relative active masses of all substances, in any reaction what- 
soever, as miiltiples by whole numbers of their respective com- 
Mning masses. 

6. The Law of GaB-Tolumetrie ProportionB 

r The experiments (No. 47, etc.) with nitrogen diox- 
ide and oxygen, designed to illuBtrate this law, are only 
partly satisfactory, since the volume of the product can 
not be measured in the conditions of the experiment, 
the substance, nitrogen tetroxide, being soluble in 
ter. Additional illustrations are found in tlie foUovii^; 
facts : 

1 gas-vol. of hydrogen and 1 gas-vol. of chlorine (sum = 2) 
form S gas-vola. of hydrochloric acid. 

3 gas-Tols. of hydrogen and 1 gas-vol. of oxygen (sum = 3} 
form 3 gas-Tols. of water. 
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3 gas-vols. of hydrogen and 1 gas-vol. of nitrogen (sum = 4) 
form 2 gas-vols. of ammonia. 

In these is revealed the surprising but none the less 
unmistakable fact, based solely on experimental obser- 
vation, that the gas-volunfe of a compound is nolT always y^ 
equal ^0 the sum of its constituent volumes, but may 
be less. 

Facts of this nature are generalized into The Law of 
Oas-volumetric Proportions as follows : 

If the constitue7its are gaseous or volatile their combining 
volumes^ as gases^ are in the ratio of small whole numbers^ 
and the sum of these volumes stands in simple relation to the 
volume of the resulting compound^ if the latter is gaseous or 
volatile. In general^ the compound occupies two unit gas- 
volumes. 

Note carefully that the law is applicable only to gas- 47/5 
volumes ; no such relations hold between combining volumes 
other than gaseous. 

The accuracy of the law is of course limited by the ac- 47/6 
curacy in the measurement of gas-volumes. There has been 
much dispute as to the generality of the rule that the com- 
pound occupies relatively two unit volumes. In several 
instances its volume is undoubtedly larger, but it has been 
proved with much ingenuity that these exceptional volumes 
are due to the decomposition (dissociation) of the com- 
pounds in the conditions of observation, so that the observed 
volume is really the volume of a mixture of the constituents, 
and not of the compound solely. 

The discovery of the law is due mainly to Gay-Lussac, 47/7 
who with Humboldt determined in 1805 the gas-volumetric 
composition of water, and subsequently extended his inves- 
tigations to other substances. The large significance of this 
law in the interpretation of chemical phenomena was not 
realized, however^, until a considerably later date. 
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TABLE I 

49 As aid to a clearer understanding of these laws, the illustrations 
which have occurred in the experiments, and some additional ones, are 
tabulated as follows : 

1 gram of hydrogen (H) combines with 

35.2 grams of chlorine (CI), forming 36.2 grams of hydrochloric 

acid (HCl). 

79.3 grams of bromine (Br), forming 80.3 grams of hydrobromic 

acid (HBr). 
125.9 grams of iodine (I), forming 126.9 grams of hydriodic acid 
(HI). 

2 grams of hydrogen combine with 

15.9 grams of oxygen (0), forming 17.9 grams of water (H9O). 

31.8 grams of sulphur (S), forming 33.8 grams of hydrosulphuric 

acid (HaS). 

3 ^ams of hydrogen combine with 

13.9 grams of nitrogen (N), forming 16.9 grams of ammonia (NHt). 

4 grams of hydrogen combine with 

11.9 grams of carbon (C), forming 15.9 grams of methane (marsh 
gas) (CH4). 

13.9 grams of nitrogen (N) combine with 

7.94 grams of oxygen (0), forming 21.8 grams of nitrous oxide 
(nitrogen monoxide) (N2O). • ^ 

15.9 grams of oxygen (O), forming 29.8 grams of nitric oxide (ni- 
trogen dioxide) (N"0). 

23.8 grams of oxygen (0), forming 37.7 grams of nitrogen trioxide 
(NaOs). 

31.8 grams of oxygen (0), forming 45.7 grams of nitrogen tetroxide 
(NaO*). 

39.7 grams of oxygen (0), forming 53.6 grams of nitrogen pen- 
toxide (NaOs). 

198.5 grams of mercury (Tig) combine with 

125.9 grams of iodine (I), forming 324.4 grams of mercurous iodide 

(Hgl). 
251.8 grams of iodine (I), forming 450.3 grams of mercuric iodide 

(Hgla). 
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15.9 grams of oxygen (0) combine with 

24.1 grams of magnesium (Mg), forming 40.0 grams of magnesium 

oxide (MgO). 
55.6 grams of iron (Fe), forming 71.5 grams of ferrous oxide (FeO). 
63.1 grams of copper (Cu), forming 79.0 grams of copper oxide 

(CuO). 
64.9 grams of zinc (Zn), forming 80.8 grams of zinc oxide (ZnO). 
198.5 grams of mercury (Hg), forming 214.4 grams of mercuric 

oxide (HgO). 
205.3 grams of lead (Pb), forming 221.2 grams of lead oxide (PbO), 

31.8 grams of sulphur (S) combine with 

24.1 grams of magnesium (Mg), forming 55.9 grams of magnesium 

sulphide (MgS). 
55.6 grams of iron (Fe), forming 87.4 grams of ferrous sulphide 

(FeS). 
63.1 grams of copper (Cu), forming 94.9 grams of copper sulphide 

(CuS). 
64.9 grams of zinc (Zn), forming 96.7 grams of zinc sulphide (ZnS). 
198.5 grams of mercury (Hg), forming 230.3 grams of mercuric sul- 
phide (HgS). 
205.3 grams of lead (Pb), forming 237.1 grams of lead sulphide 
(PbS). 

31.8 grams of sulphur (S) combine with 

15.9 X 2 grams of oxygen, forming 63.6 grams of sulphur dioxide 

(SOa). 
15.9 X 3 grams of oxygen, forming 79.5 grams of sulphur trioxide 
(SO,). 

2 grams of hydrogen are displaced from hydrochloric acid by 

24.1 grams of magnesium, forming magnesium chloride (MgCla). 

55.6 grams of iron, forming ferrous chloride (FeCla). 

63.1 grams of copper, forming cupric chloride (CuCU). 

64.9 grams of zinc, forming zinc chloride (ZnCU). 
198.5 grams of mercury, forming mercuric chloride (HgCla). 
205.3 grams of lead, forming lead chloride (PbCla). 

36.2 grams of hydrochloric acid (HCl) combine with 

16.9 grams of ammonia (NHs), forming 53.1 grams of ammonium 
chloride (NH4CI). 

68.6 grams of SO9 combine with 

16.9 grams of 0, forming 79.5 grams of sulphur trioxide (SOs). 
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79.5 grains of SOs combine with 

17.9 grams of HaO, forming 97.4 grams of sulphuric acid 
(n.S04). 

69.6 grams of NO combine with 

31.8 grams of O, forming 91.4 grams of nitrogen tetroxide 

(N,04). 

27.8 grams of CO combine with 

15.9 grams of O, forming 43.7 grams of carbon dioxide (COs). 



49/1 In the following, the volumes are gaseous : 

. 1 liter of hydrogen (II) combines with 

1 liter of chlorine (CI), forming 2 liters of hydrochloric acid (HC1)l 
1 liter of bromine (Br), forming 2 liters of hydrobromic acid (HBr). 
1 liter of iodine (I), forming 2 liters of hydriodic acid (HI). 

2 liters of hydrogen combine with 

1 liter of oxygen, forming 2 liters of water (vapor) (HsO). 

3 liters of hydrogen combine with 

1 liter of nitrogen, forming 2 liters of ammonia (NH«). 

1 liter of sulphur (vapor) combines with 

2 liters of oxygen, forming 2 liters of sulphur dioxide (SO9). 

3 liters of oxygen, forming 2 liters of sulphur trioxide (S0«). 

2 liters of nitrogen combine with 

1 liter of oxygen, forming 2 liters of nitrous oxide (N,0). 

1 liter of nitrogen combines with 

1 lit^jr of oxygen, forming 2 liters of nitric oxide (NO). 

2 liters of oxygen, forming 2 liters of nitrogen peroxide (NO,). 

2 liters of sulphur dioxide (SOj) combine with 

1 liter of oxygen, forming 2 liters of sulphur trioxide (SO,). 

• 

4 liters of nitric oxide (XO) combine with 

2 liters of oxygen, forming 2 liters of nitrogeii tetroxide (N,0«). 

2 liters of carbon monoxide (CO) combine with 

1 liter of oxygen, forming 2 liters of carbon dioxide (CO9). 
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may he thnt the chemical energy which i^ lost doea nffi 
ftpjiesr enlircly as heat; ne vert bolese, the qaantityof beat 
IthfTHtcd JR cdnntAOt for a specified change under specified 
conditionB, 

U Again, It follown from this great Uw that. In order to 
murmi this chnngc — that is, to produce from iron sulphide 
ftml mrrmiric lorlidc, iron and snlphur, and mercury and 
(ofUnfi — the (iiinntity ot onergy lost in the firat change mast 
Iw ffiBtfirod to the (ystem in one Terra or another. 

M The ()iiuntity of heat lilK-rated in the original reactioni 
la onlled the hmil ff /'irmaltun of iron sulphide and of 
(iiirio lodldw from tliriroongtitncnts respectively. Bat he*! 
U not at ways lihorat'^il in thi> formation of compounds ; it is 
NometimtiN nhHorlmd— Ihat is, some substances have a nega- 
tive hoiil of formation ; they pomess more energy than their 
(!on*tltuciitN, and conMequontly liberate energy in decompoa- 

54 irig. Iti^tol ioTipi whioh lilwrate heut and compounds whose 
litiiit of foriiiutioii Ih jiosiiivi' lire suiU to be eiothermk; 
thoHo wliich iihsorli boat luul those which have a negative 
hoat tif furrnation am called mihlhermic. 

The mdamironieiil of the heat liberated or absorbed in 
ohiimlcat I'.IianKHn lieiiome» therefore an important item for 
iuvoBtigation, and nutny extremely interesting concluaions 
have boon roachoil by the study of these phenomena. The 
possibility of suob nieumiremeiit for reactions which 
directly anil quickly rcnlinaltle can bo easily understood 
and tlio utiplieatinn of a corollary of the law of persistence 
of energy makes it poHsihlit to determine these thermal 
values for reactionw whleb can not be brought about iu con- 
ditions suitable for lient measurement, and, in som 
stances, for reactions which ctui no! be brought about at aE. 

&& This corollary us applied to cliemiciil phenomena is knon 
as The Law of Constant Heat Summation. It wa? formiilai«i> 
by Hess iu 1840, as follows: The quantitij of h^at ItbgralBi 
or absorbed bi/ a nff-^ffm of subslunees uii'leryoiti'j ehemk^ 
change is dependent on the initial and final .^liilea of tk0 
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, and is not affected by differences in the intermediate 
\ales through which the system may pass. 
Aa illiutratioa from the reactions which you have stadied 
■ill make this clear : 16.9 grams of ammonia combine with 
K.2 gr^ime of hydrochloric acid, forming 53.1 grams of 
moninm chloride, a soluble salt. Now let us suppose 
lat we start with ammonia and hydrochloric acid as gases 
% the ordinary temperature, and end with the salt dissolved 
I water at the same temperature. The system may be 
lased from this initial state to this final state in two dif- 
rent ways : the two gases may be directly combined, form- 
[ the solid salt, and then this may be dissolved in the 
; or, the gases may be separately dissolved in water 
i the two solutions mixed, the salt being formed in boIu- 
The law affirms that the heat disturbance, in passing 
■om this initial to this final state, is the same, whichever 
lethod of reaching the final state is used. The law is ex- 
perimentally verified by measuring the heat of solution of 
16.9 grams of ammonia gas (8,400 calories) and of 36.2 grams 
of hydrochloric acid gas (17,300 calories), and the heat of 
neutralization of the two Bolutions (12,300 calories), and 
summing these three (juantities (— 38,000 calories); also, 
the heat of formation of 53.1 grams of solid ammonium 
chloride from the two gases {43,100 calories) and the heat 
of solution of the salt (— 3,900 calories) and summing these 
two quantities (= 38,200 calorics). The two sums are found 
equal within tin- limits of erperimental error. 

Another method of application is seen in the determina- 
tion of the heat of formation of 15.9 grams of methane 
from its constituents, namely, 11.9 grams of carbon and 
4 grams of hydrogen; although these elements can not 
be made to combine directly into this compound. Methane 
is a combustible gas ; 15.9 grams in burning produce 43.66 
grams of carbon dioside and 35.76 grams of water ; and the 
heat liberated in this reaction is found to be 313,000 calories. 
Furthermore, 11,9 grams of carbon in burning alone liberate 



97,000 calories ; and i grams of hydrogen in bnming alone 
liberate 136,800 calories. Now, starting with 11.9 grams of 
carbon and 4 grams of hydrogen, we may batn them sepa- 
rately with the requisite quantity of oxygen and convert 
them into 43.6G grams of carbon dioxide and 35.76 grama 
of water with the liberation of 97,000 + 136,800 = 233,800 
calories. Or, starting with these same quantities, we may 
conceive them converted into 15.9 grama of methane, the 
formation heat of which, z, is unknown, and then the latter 
substance burned with the liberation of 212,000 calories. 
Now, by the law, since the initial and final states are the 
same, x + 212,000 = 333,800 ; hence x = 21,800 calories. 

I One gram of hydrogen in burning to liquid water lib- 
erates 34,200 calories, which is more heat than is liberated 
by the combustion of an equal weight of any other sub- 
stance. The bottletul of gas which yon collected inyour 
experiments with magnesium and zinc weighed 0.2 of a 
gram. This, if burned, would yield enough heat to raise 
2.7 Bueh bottlefuls of water 1°, or to raise 68 grams of 
water (nearly 2,S ounces) from 0° to 100°. 

' The following are the formation heata of some of the 
Bubatancea which have been used in yonr study : 



Wal*r, 


11,0 


= 


68,400 calories 


Sulphur diosida, 


SO. 


= 


71,000 




Carbon dioxide, 


CO, 


= 


97,000 




Hydrogen sulphide, 


[I,S 


= 


3.700 




^^_ Mercuric iodidfi. 


Hgl. 


= 


* 24,300 




^^^L Mercuroiis iodide, 


Hgl 


= 


14,300 




^^V Magnesium oxide, 


MgO 


- 


143,400 




^^B Zinc oxide. 


ZnO 


= 


85.KI0 




^^KExamples of negative formation heat are : 


^^^ Chlorine monoxide. 


C1,0 


= 


- 17,800 calories 


^^H Nitrog:eii monoxide, 


N,0 


= 


- 18,000 




^^V Nitrogen tetroxide, 


N,(). 


— 


- 2,000 




^H Nitric Dxide, 


NO 


= 


- 31,600 




^^r Cyanogen, 


(ON), 


= 


- 6.5.fiOO 




Acetylene, 


c,n, 




- 47,BO0 


. 
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Endothermic substances often show great readiness to oSl 
wet, and are easily decomposed, sometimes explosively bo 
-e. g,, chlorine monoxide and acetylene. 
Chemical ener^ and eledricitf. — Cfiemical energy may j 
be transformed not only into heat, but also into electrical 
energy. You have observed that heat is liberated by the 
solution of zinc in hydrochloric acid. Sow, if a sheet 
of zinc is partly immersed in a beaker of dilute acid, 
and a sheet of copper, or a carbon plate, neither being 
acted on by the acid, is likewise immersed in the same 
veeBel, but separated from the zinc, and finally, if the ends 




not immersed be brought in contact outside the liquid, 
or connected by a metallic wire, the chemical energy set 
free by the solution of the zinc in the acid now appears, 
at least in part, not as heat but as the energy of the elec- 
tric current. This constitutes one form of the galvanic 
batten-, in all forms of which the electrical energy is 
due to the chemical changes taking place in the gener- 
ating cell. 

Indeed, it may be said that, of all the forms of energy, ( 
the one which produces chemical change is the most familiar 
and the most intimately associated with human activities; 
at the same time it is perhaps the least understood. Not 
only are all those industrial applications of energy which 
involve the use of steam and fuel dependent on the energy 
of combustion, which is purely a chemical change, but, in 
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the animal organism, the heat, and the energy of muscle, 
nerve, and brain, are likewise derived from the chemical 
changes which the food and other substances undergo in 
the animal economy. [See Ostwald (Walker), "General 
Chemistry," page 209.] 
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(i) For componiLds. — This consists in representing the 
compound by u symbol or formula made up of the symbolB 
of its elementary constituentB, these being affected by inte- 
gral coefficients suoh that multiplication of the elementary 
combining weight by the coefficient shall give products 
which show the relative masses of the respective elements 
contained in the compound. The coefficient is written 
below the line and follows the symbol to which it belongs. 
If the coefficient is one, it is omitted altogether. A coeffi- 
cient written on the line affects the symbols which follow 
it. Thus for hydrochloric acid the formula is HCI, since it 
contains hydrogen and chlorine as elementary constitneuts, 
and contains these in the ratio of one combining mass of 
hydrogen to one combining mass of chlorine — that ia, 1 
gram to 35.3 grams. The formula of water ia H^O, since 
it contains 3 grams of hydrogen to 15.9 grams of oxygen; 
of ammonium chloride is NH^Cl, since it contains nitro- 
gen, hydrogen, aud chlorine in maaaea proportional respect- 
ively to 13.9 : 4 : 35.2. 

I It is clear that the formulas, HjCL, H^Oj, and NgHaCli 
would represent the same relative quantities of the ele- 
ments as those given above, and so with any set of coeffi- 
cients which preserve the ratio of the first. It is custom- 
ary to use the simplest set of coefficients, unless there is 
reason for using multiples of these. The considerations 
which determine the choice of these possible multiples are 
presented in Chapter V. 

! The combining weight of a compound becomes therefore 
the sum of its elementary constituent masses, as expressed 
by its formula. It is sometimes called the formvlti weight. 
In the formulas of acids the H is usuaUy placed firet 
in those of bases and of salts the symbol of the metal 
usually placed first; in those of osidea the is uai 
placed last. 

Pboblems.— Calculate the relative nuantities of the elementary 

s expressed in the following lormulaa; also the oombinii 
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weights of tho compoimda : SO,, PeS, ZnS, H5S, PeCl,. PcCI,, PbCl,. 
CuSO., [AJ,(S0.).-K^O,.24H,O], C.n.Ofc C,K„ C.U,. 

Iteobon alao the grams of the constitueDta contained in 100 grama 
of the compounds — that ia, the percentage composition of the Utter, 



3. Bquations 

The chemical equatioii is an attempt to deBcribe a 49] 
chemical reaction qualitatively and qnantitatively in the 
concise form of an equation ; in it, the symbols of the fac- 
tors, separated by the sign +, are written on the left, and 
those of the products, similarly separated, on the right of 
the sign of equality {=), which is better interpreted by the 
word become or produce than by the word equal; the sign -|- 
is interpreted by and or mixed mith. When the symbols of 
the substances brought together are known, the first mem- 
ber is easily written ; in order to write the second, it must ; 
be learned, originally of course by obserTation, exactly 
what subBtanees are produced wJien the factors are brought 
together; hut tliis depends upon conditions, us you have 
already had opportunity to observe, and of these the equa- 
tion offers no means of expression. Thus the equation 

Fe + S = FeS 
means that iron and sulphur mixed become iron sulphide, 
but this is not true unless the mixture be heated consider- 
ably above the ordinary temperature. Therefore the equa- 
tion, even in its qualitative aspect, is defective, and only 
expresses those substances which, under certain conditions, 
not specified, are produced from tlie given factors. Yet 
even thus limited, the equation is useful in bringing 
quickly to the eye the relations as to composition between 
the faotora and the products. 

But the equation may be used as a means of express- ( 
; also qoantitative relations by letting each svmbol stand 
■ a quantity of the substance named which is equal 
\ the combining weight in grams, or in other nuita of 
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weight, and applying to it the coefficient which is neoee- 
sary to express the relative qiiantitiL's actnally taking part 
in the reaction — the active musses, as they have heen 
called. Thus the equation 

Fe + S = FeS, 
qnantitatively interpreted, means that iron and snlphnr 
produce iron sidphide in the proportion of 55,6 grams, or 
other parts by weight, of iron, to 31.8 of sulphor, to 87^ of 
iron sulphide. And the equation 

Zn + 2HCl-ZnCU + 3H, 

quantitatively interpreted, means that 64.9 grams of sine 
and (3 X 36.3) grams of hydrochloric acid produce 135.3 
grams of sine chloride and 2 grams of hydrogen. Clearly, 
then, before the equation can be u^d for quantitative 
expression, the facts as to the relative quantities mnst be 
aat-ertaiued. This can be done originally only by obsem- 
tion, and often involves much labor and difficulty. How- 
■, it may be assumed that the reaction as expressed by 
the equation must be in accordance with the fundamental 
l«w« of qoantity just studieil. Thus by Law 1 there moat 
be repr^ented on one side of the equation the same qnao- 
tity of each element as opon the other side — that is, the 
equation most "balance." Moreover, it is sometimes po6~ 
eible, when one ha$ become familiar with a good many 
Inactions of the same kind, (o surmi^ with some degrat 
of certainty what change will take place in given i narti, 
tions. Nev»th*less, the beginning student should en»- 
fnllj bear is mind that facts must be e^tablUhed befon 
I ve written; and that, bev-anse an equatteu ii 
and written in accordaui.-e with the lawa at 
^nontttT. it does not follow that it represents an aetsal 
r«actkiD. 
I Again, the equation as described expresses nothing aC 
to the enei^ changes which alw»ys *t.vom|uny the !»■»« 
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formations of matter. So isn as the former consist of heat 
changes, they are expressed by a slight extension of the 
ordinary chemical equations. Thus : 

Mg + = MgO + 143,400 calories 

means that 24.1 grams of magnesinm combine with 15.88 
grams of oxygen, producing 39.98 grams of magnesinm 
oxide and liberating 143,400 calories of heat energy. 
And the equation 

MgO = Mg + - 143,400 calories 

means that 39.98 grams of magnesium oxide, in decompos- 
ing into 24.1 grams of magnesium and 15.88 grams of oxy- 
gen, absorb the equivalent of 143,400 calories. 

4. Stoichiometry 

It win be readily understood that when the facts as to 64 
relative quantities or active masses in a given reaction are 
known, they may be applied, under the quantitative laws 
and by purely arithmetical analysis, to ascertain the actual 
quantities involved in specified conditions. For example : 
Suppose the problem is to calculate bow much hydrogen 
would be liberated by the action of 100 grams of zinc on 
hydrochloric acid. The chemical fact is that it takes 64.9 
grams of zinc to liberate 2 grams of hydrogen (see equa- 
tion in 63 1), and that the reaction always takes place in 
this proportion by Law 2 ; therefore by arithmetical analy- 
sis the proportion, 64.9 : 2 : : 100 : x gives the desired result. 
Such chemical &cts will be most easily recalled, probably, 
in equation form ; hence in solving problems of this kind 64/1 
it is well first to write the equation for the reaction in- 
volved, then to give to this its quantitative interpretation 
and apply simple arithmetic. Calculation of this kind, 
based on the quantitative relations of reactions, is called 
Soidkiometry or Chemical Arithmetic. 
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6. Notnencl&ture 

1 Chemical nomenclature is not thoroughly systematic, 
Some names, so far as compounds are concerned, give, with 
more or less system, some indication as to the composition 
and the relations of the suhstanccB ; others have been arbi- 
trarily assigned, perhaps before the chemical nature of the 
substances was known. Only a few general statements are 
here given ; the rest may come gradually as acquaintance 
with substances is extended. 

65/1 The elements in general combine with oxygen, and the 
resulting compounds are termed oxides (spelled also oxids). 
Examples : hydrogen oxide (commonly called water), zinc 
oxide, iron oxide, sulphur oxide. 

The ending ide (id) is generally applied to the name of 
one of the constituents in a compound which contains but 
two; thas, carbides, nilrides, and phosphides contain respect- 
iyely carbon, nitrogen, and phosphorus, with another cle- 
ment; svlphides, chlorides, bromides, and iodidas contain buI- 
phur, chlorine, bromine, and iodine with another element, 

66/a When there is more than one compound containing the 
same constituents they are distinguished sometimes by the 
endings ons and ic, as meuiurous iodide (Hgl), in whioh 
the mercury shows its f&ioer combining power, and mer- 
curic iodide (Hgl,), in which it shows its higher combinmg 
power ; and sometimes by numerals as prefixes, as in carbon 
W'ljoxiile (CO) and carbon dioxide (COa). 

6o/y Names of adds. — Acids containing no oxygen are givea 
the prf fix hi/dro and the ending ic. Examples : hydro^j 
chloric, IICl. and hydrosulphnric, HjS. Other peculiuii ' 
are illustrated in the following series : 

Ht/poehloToiis acid HCIO 

Chlorowa acid HCIO, 

Chlonc acid HCIO, 

Percblone acid HCIO,. 



COMBINING WEIGHTS 43 

Hames of salta — The salts of acids which contain no 66/4 
oxygen are named by dropping the prefix hydro of the acid 
and changing the ending ic to ide (or id). Examples : zinc 
chloride, iron sulphide. 

The ending ic in the names of acids which contain 
oxygen is changed to ate in naming their salts; and the 
ending ous in the acid to ite in the salt. Thus the so- 
dium salts of the acid series above mentioned are named 
respectively sodium hypochloriYe, chlortYe, chlorate, and* 
percblorate. 

Hames of basea — Bases which contain hydrogen and 66/5 
oxygen and another constituent (usually a metal) are now 
commonly named hydroxides (or ids)^ although they were 
formerly, and by some are still, called hydrates. Examples : 
sodium hydroxide, NaOH ; ammonium hydroxide, XH4OH ; 
and zinc hydroxide, Zn (0H)2. 

STOICHIOMETRIC PROBLEMS 

1. How much sulphur will exactly combine with 75 grams of 66/6 
iron! 

2. How much zinc with 50 grams of sulphur? 

3. How much zinc is needed to make 50 grams of zinc chloride 
(Zna,) t 

4. How much marble (CaCOs) must be used with hydrochloric acid 
to generate enough carbon dioxide (COa) to neutralize 50 grams of 
sodinra hydroxide fN'aOH), forming sodium carbonate (Na^COs) ? 

5. How much mercury must be added to 90 grams of mercuric iodide 
(Hgis) to conrert it into mercurous iodide (HgT)? 

6. What volumes of carbon monoxide (CO) and of oxygen must >je 
taken to produce by combination enough carbon dioxide (COa) to neu- 
tralize 10 grams of sodium hydroxide ? One liter of oxygen weighs 1.43 
grams: one liter of carbon monoxide weighs 1.25 grams. 

7. How much magnesium is needed to generate with hydrochloric 
acid enough hydrogen to form by burning 10 grams of water f 

^ji^ 8. Given : a sample of hydrogen containing nitrogen as impurity, 
and a sample of oxygen also containing nitrogen as impurity: to de- 
termine the percentage of impurity in each case. Pleasured volumes 
to combine, forming water, liquid at ordinary temperature. 
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and the following observations are made, from which calculate the 
impurity : 



Hydrogen taken = 10 vols. 

Oxygen taken = 5 " 

Residual vol. after 

combination, RV = 8 vols. 

* 

RV taken = 2 vols. 

= 1 vol. 

= 3 vols. 



Oxygen taken 
R,V 



RV taken =± 1 vol. 

Hydrogen taken = 2 vols. 

R.V = 3.5 vols. 

Hydrogen taken = 2 " 



R4V 



= 4.5 vols. 



9. Gas-volume = lOO- c.c. at 20**, and 760 mm. pressure. What 
would this volume become at 50°, and 720 mm.? 

10. Calculate the percentage of elementary constituents in the com- 
pound whose formula is CalleO. 

11. What is the formula of the compound which contains 40.00 per 
cent of carbon, 6.67 per cent of hydrogen, and 53.83 per cent of 
oxygen If 
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CHAPTER IV 

RELATION BETWEEN VOLUME, PBESSUBE, AND 
TEMPEBATUBE OF GASES 

[These topics belong strictly to the subject of Physics, but inasmuch 
as all measurement of gas-volume involves the application of these laws, 
a brief study of them is here presented. If the student has already a 
knowledge of them from a previous course, this chapter may suitably be 
passed by.] 

1. The Law of Boyle 

Mflation between Volume and Pressure of Gases 

In a confined mass of gas, the temperature remaining con- 66 
stant, the volume is inversely proportional to the pressure; 
or, the product of the volume by the pressure is constant. 

CoBOLLABY. — Density is directly proportional to pressure 66/2 
when temperature and volume remain constant, and it is in- 
versely proportioned to volume when temperature and pressure 
remain constant. 

The law was first discovered by Robert Boyle about 1662. 66/3 
Among Continental writers especially, it is often designated 
by the name of Mariotte, who, however, did not publish it 
until 1679. 

2. The Law of Charles 
Relation between Volume and Temperature of Gases 

The volums of a mass of confined gas, the pressure remain- 67 
ing constant, increases by ^^^ or 0,00367 of itself at 6^° for 
each increase of one degree in temperature ; or its pressure 
increases at the same rate, the volume remaining constant, 

45 
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67/1 CoBOLLAEY. — The laws of Boyle and Charles may he ex- 
pressed in one a^ follows : The product of volume by pressure 
is proportional to the absolute temperature {that is, the observed 
temperature plus 278 degrees), 

67/2 The law is also designated sometimes by the name of 
Gay-Lussac, and sometimes by that of Dalton. It was dis- 
covered by Charles about 1787. 

67/3 Note I. — Gaseous substances tend to depart appreciably 
from these laws as they approach their points of liquefaction. 

67/4 Note II.— The laws of Boyle and Charles apply to gases 
in general, independently of the chemical character of the 
substances. 




In Bttidying thu qualitative side of chemical phenom- ( 
ena, yon have heen led to see somewhat of the nature of 
chemical change as involving the disappearance of some 
kinds of matter, and in their place the appearance of difler- 
ent kinds — what has heen called the change of identity in 
Buhstances. The contemplation of this phenomenon gains 
in impressivenesB with the thought that by mastering thus 
the production of new Gubstaneee man perhaps approaches 
as near to independent creation as is permitted to him 
in any fonn of his material activities. Certain it is that 
he has made in the laboratory not only many substances 
which are identical with the natural products, but inno- 
merahle otliers as well, which have never, been found in 
nature. 

Bnt in further studying these phenomena, particularly ( 
their qnantitative aspect, you learn, in addition, the per- 
fectly definite conditions imposed on such changes, and 
hence the limitation imposed on man's productiveness. 
Thus, no new substances can be made, save from those which. 
contain the same elementary constituents ; that is, the con- 
stituent elements must be common to both factors and 



• If the inEtrnetor prefers to introduce at this point a part or the 
whole of Chapter VIII before tiilring up Chapters V, VI. nin) Vll, no 
embnrrassinAnt will be foimd in so doing. Tbe writer prefers tbe order 
herein followed. 
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products, and the change is simply a change in their dis- 
tribution. Nor Clin any kind of matter be produced with- 
out the disappearance of an equal maae of some other kind 
or kinds. 
I Summing up the laws of quantity in the definition of 
the equivalent and the combining weights, and accepting 
these for the present as determined values, we pasa on t« 
study the numerical relation between these values and 
others which measure very diverse properties. The first of 
these to be considered ia the specific gravity of substances 
in the gaseous condition. ^^ 

1. The Law of Gay-Luseac ^^M 

Relation betweeyi Equivalent and Combining Weights if 
Oases, Elementary and Compound, and their Specific 
Oravities 

I The specific gravity of a gas is defined as the ratio be- 
tween the weights of equal gas-volumes of the snbetance 
and of hydrogen, at the same temperature and pressare. 
This is sometimes conveniently termed the vapor-densitg 
to distinguish it from the specific gravity of the substance 
while in liquid or in solid condition. 

It is experimentally easier to weigh air than hydrogen; 
therefore experimental results are often referred to air aa 
the standard. Such values are converted to the hydrogen 
standard by the factor 14.40, which is the specific gravity 
of air referred to hydrogen as unity. 



In the accompanying Table 11, A, No. 93, are given tbt»e 
of the elementB which are gaseous or volatile in conditiona 
which permit the determination of their specific gravity~to 
gases ; with these are given also their equivalent weights," 
their chosen combining weights, and their vapor-densities, 



J 



ae esperimentally determined, Tiydrogen being the standard. I 

Since the vapor-density in some cases varies greatly with I 

the temperature of determination, and in other cases re- H 

mains practically constant through a great range of tern- H 

perature, Bome data as to temperature of determination are V 

given ; also the boiling points. 1 

LufpectiDn of these data shows tliat in the first group of 79 J 

elements the vapor-density is numerically equal or approxi- I 

mately equal to the equivalent weight. Kow, flaorine, 1 

chlorine, bromine, and iodine, let it be recalled (see Table I 

I, JJo. 49), eombine with hydrogen in the gaa-Tolumetric I 

ratio of 1 : 1 ; and thallium combines with chlonne in the M 

same gas-Tolumetric ratio. It foUows that if the equiva- I 

lent weights in these instances be chosen aa the combining I 

weights, the formulas of these compounds — for example, I 

HCl, HBr, etc.— may be interpreted as expressing the rela- I 

tive constituent quantities, measured by gas-volnme as well I 

aa by weight, gince the coefficients of the elementary sym- I 

bols give the ratio of the gas-volumes, I 

In the second group it is seen that the vapor-density of 78 fl 

oxygen approximates very closely to equality with twice the I 

equivalent weight. If in this case the equivalent weight I 

7.94 were chosen as combini ng weight, the formula of water J 

would become HO, or some multiple of this, r (HO), in I 

which the coefficients, being equal, do not give the gas- H 

volumetric composition. If, however, the multiple of the ■ 

equivalent weight by two is chosen as combiniug weight, 1 

the simple relation with vapor-density reappears, and the J 

formula for water becomes HeO, or some multiple, x (HjO), 1 

in which the ratio of the coefficients, 3 : 1, gives the ratio of I 

the gas-volumes. a 

Taking thus the vapor-density as a guide in the choice 7iS 

of the multiple of the equivalent weight which shall be ■ 

used as combining weight, leads clfarly in the case of I 

tellurium to the second multiple, although the approxima^ I 

I tion is not so dose as in the case of oxygen. The same M 
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rule coDBiatently applied to Belenium and to sulphur would 
indicate the third and the seventli mnltiples reepectively 
instead of the second. These two substances, aulphnr 
especially, show a remarkable variation in vapor-density 
with temperature, and it ia to be noted that the lowest 
values approximate closely to the second multiple. How- 
ever, the decisive reasons for the choice of this mul- 
tiple must be looked for in other relations (see No. 87, 
Part I). 

75 In the third group, as to nitrogen, if 4.64 be used as 
combining weight, the formula of ammonia must be NH,or 
some multiple, x (NH), which gives no indication of the 
gaa-volumetric composition. But if the multiple by three 
(viz., 13.93) is chosen, the simple relation to vapor-density 
appears as with oxygen, and the formula of ammonia is 
JIHj, the coefficients 1 : 3 giving the ratio of the rolames 
of nitrogen and hydrogen (see Table I, No. 49). But in 

16 the cases of pliosphorus and araenie, tlie sixth moltiple in* 
stead of the third is indicated, while for bismuth the vapor- 
density is nearer the second than the third, and for anti- 
mony it is midway between the third and fourth multiples. 
In all these exceptional cases decisive reasons for choice 

'J must he sought in other relations. Tlie same must be said 
aa to the fourth group, in which zinc and cadmium and 
mercury show vapor-densities approximately equal to the 
equivalent weights, and sodium and potassium to one half 
the equivalent weights. .4a to the recently discovered ele- 
ments, helium and argon, the data are incomplete. 

78 It must be borne in mind tliat the values for vapoi^ 
density are in most cases affected by much greater uncep- 
tainty than are the equivalent weights, since their deter- 
mination, especially at high temperatures, involves great 
experimental difficulty. They may, nevertheless, serve to 
indicate the multiple to be chosen, and their indication, m, 
the absence of reasons for different choice, is accepted, 
may say for the present, conventionally. 
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It is evident that to choose as combining weight for ele- 79 
ffients the multiple by a whole number of the equivalent 
weight which approximates most closely to the vapor-density 
has the adyantages, first, of eorrelatlDg in a simple man- 
ner the two numerical Talues; and, second, in many in- 
stances, of bringing into one formula the expressiorj of 
the proportion by gas-volume, if it is known, as well as by 
weight of constituents in compounds. These reasons for Ml 
choice of multiple receive additional weight from similar 
reasons which are revealed in the studv of other widely 
different properties which will be presented in subsequent 
sections of this chapter. There are ali^> very important 
considerations, purely theoretic in nature, which lead to 
the same choice. These will be presented in conne^.-tion 
with the atomic theory (Chapter \'II). It is proj.»er to add 
that the reasons of theory have had historicaliy probably 
more influence, and still carrv in some minds more wei^rht, 
than the reasonf of convenience just set forth- 

B 

In Table DL, B, Xo. 94. are pre^ent-ed a few data as to the ^1 
vapor-denaty of gaseous or volatDe c-omjioun-if? which, in- 
stead of being limit-ed like the elemeiitr. are almort innu- 
merable. It is &e»en that^ with the nmlTipie- wL:r;jj v^-re 
indicated in the preio-eding jeiragrafih as K'OJn\rziiz:^ w^iirLt? 
for the elements, the vapcir-densities of the <:-on:T":i:-':-? aj:»- 
IHX)iimate fiquality uniformly w::L oii^ half tLeir ■:^^::^/.'}- 
ing weights; whereas, wh?j XLh eouJTa]rL': wei^rhtr xhr:.-^ 
used for tite elements, the TbT.»or-cer.?:T:e* :r^ the •^■vond 
group would approiimat.e eoTLt'rTv Tr;:h tLe oomVrr.Ji^: 
weighlSy. and in the firsi gro-T- ^hL vr.r ha'f tL^ . -i:.^'..'!.^ 
ing w-eightB, and in the tLird rrvii- w::! c-z.^ hi.?, i ': t^A 
times the e»ombinmg weixLtf. TLrrTf. rr :lr :^r t \Lr *- 
multipleB eboBen for the rIriLr:.i= 'r^b.^ r/1', i.:_ t: L:. ^.i." 
adTanta^ in bringing Vir Tt.T".'T-:rT_-::T. i: ".^^,^-1 i ::^st 

and riTnilar ^aeeous rx>iLii:'iz.ir, iiv. r.j:i:".r: j-^li.: ::. v.t': 
5 



BLKMENTAEY PEINCIPLBS OP 

the combining weights of the same. And this also gives 

S3 basis for convention ally choosing as (he combining weight of 
any gaseous or volatile compound, even one whose gus-volu- 
nietric composition is unknown, that multiple of its simplest 
combining weight which approximates most closely to itt 
vapor-deitsitg multiplied bg two. 

84 Thus in the gas, methane, 1 gram of hydrogen is com- 
bined with 2.98 grams, approximately, of carbon ; but car- 
bonis practically non-volatile, therefore the gas-volumetric 
ratio is not known, and the vapor-density, at least, far- 
nisbes no reason to choose other value than 2,98 for the 
combining weight of carbon ; but the vapor-density of the 
componnd is 8.00 ; hence we may choose the multiple by i 
— that is, 16, or, more accurately, 15.9 — as the combining 
weight of methane, and write its formula CJi,. Consider- 
ations of a different kind (see No. 436, Part I) have led to 
the choice of 11.9, the fourth multiple, as the combining 
weight of carbon, making the fonnnla for methane CH^. 

86 Again, the substance, acetylene, contains carbon and 
hydrogen in the ratio of 11.9 grams to 1 gram ; hence 
its simplest formula would be CiH (carbon = 2.98), or CH 
(carbon = 11.9), and its combining weight 13.9. Bnt its 
vapor-density is 13.2 ; therefore 25.8 (12.9 x 2) is chosen as 
its combining weight, and 0=11, is its accepted formula. 
86/1 Another substance, benzene, likewise contains carbon and 
hydrogen in the ratio of 11-9 grams to 1 gram, bnt ito 
vapor-density ia 40. Its simplest formula would be OH, 
identical with the simplest one for acetylene; but choos- 
ing, in accordance with this principle, the multiple by 6< 
gives the combining weight 77.5 and the accepted formull 
C,H,. 

8fl In the last two examples Is seen still another advantage 
of the principle under consideration, in that it brings about 
a distinction in formula and combining weight between 
different substances of the same composition (compare Iff 
37/;, Part I). (Such substances are called isomira.) 
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Accepting, then, this conventtoual rule for the choice of 87 
multiple as combining weight in the case of compounds 
(it is more general than the corresponding rule for elements) 
we may reason backward to certain maximum values for 
the elementa of exceptional vapor-density. Thus, the aub- 
etance hydrogen sulphide contains hydrogen and salphnr 
in the ratio of 1 gram of the former to 15.9 of the 
latter, and its vapor-density is 17.3. This leads to 33.8 
grams as the combining mass, of which the constituents 
must be 3 grams of hydrogen and 31.8 grams of sulphur. 
Therefore the combining weight of snlphur can not be 
more than 31.8, Likewise the vapor-densities of the hy- 
drogen compounds of selenium, phosphorus, and arsenic 
indicate as maximum values for the combining weights of 
these elements 78.4, 30.8, and 74.44 respectively. And the 
vapor-densitiea of the chlorine compounds of antimony and 
bismuth indicate as maximum values for these elementa 
119,5 and 306.5. 

Effect of temperature. — The simplicity of this relation I 
between vapor-denaity and combining weight is somewhat 
disturbed by the fact that, in the case of some compounds, 
as of some elements, the vapor-deusity diminishes with 
increasing temperature. This seems, however, to reach a 
limit after a certain interval of temperature. This is espe- 
cially notable in the cases of iodine, sulphur, selenium, 
phosphorus, and arsenic among the elements (see Table II, 
A), and nitrogen tetroxide and feme chloride among the 
data of Table II, B. 

Another class of exceptional compounds contains those I 
which are also exceptions to the law of gas-volumetric pro- 
portions (see No. 47/,, Part I). These are actually decom- 
posed at the temperature of observation. 

Fpon these facts and others of the same nature is baaed 
the generalization often designated by the name of Gay- 
Lussac, who published it in 1808 (see also Law 5, Chap- 
ter n). 
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The law may be thug formulated : 

90/1 Clause I. — The specific gravity of an elemtnt in gasfom 
condition, referred to hydrogen as unity, approximates nu- 
merically the equivalent weight of the element, or a multiph 
of the same by a small whole number ; and it approximates 
equality with the combining weight. 

90/a Cladbb n. — The specific gravity of a compound in ga»- 
ous condition (H = 1) approximates numerical equality mth 
one half its comiining weight. 

The degree of approximation ae well as some of the 
exceptions are eeen in the data of the tables. 
An alternative statement of the law is this : 

90/3 The combining weight in grams of an eiement occvpien, 
when in gaseous condition, a volume approximately equal to 
that of 1 gram of hydrogen at the sams temperature and 
pressure ; and the combining weight of a compound, ih 
volume of 2 grams of hydrogen in similar conditions. 

91 Note I.— The relation between the combining weight! 
and the specific gravities of elements in the liquid and in 
the 8ohd condition is not so simple as in the gaseous condi- 
tion. There is, undoubtedly, a relation, but in the present 
state of the science it can not be aatiafactorily defined. It 
may only be said that it is probably a periodic function ol 
the combining weights. (The explanation of this may be 
deferred. See Nos. 423, 589, and 690, Part I.) 

92 Note II.— The law of vapor-densities may be dedaced 
from the facts of gravimetric and gas-volumetric propor- 
tions ; for example, thus : Since 3 grama of hydrogen com- 
bine with 16 (using approximate values) of oxygen and form 
18 of water, and since the gaB- volumetric ratios are 2:1'.! 
respectively, it follows that 16 grams of oxygen and 9 of 
water must occupy a volume equal to that of one gmm 
of hydrogen, which la the relation formulated in the law of 
vapor-densities. Likewise from the facts of gravimetric 
proportions and of vapor-densities may be deduced the law 
of gaa-volumetric proportions. (How ?) 
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Table II, A.* — The Law of Gay-Lu88a4: 



93 



ro. 


Name. 


Equiva- 
lent 
weight. 


Fac- 
tor. 


Combin- 
ing 
weight. 


Vapor- 
density. 


Tempera- 
ture of ob- 
servation. 


Boiling point. 














D^n-eet. 


Dq^rees. 


1 


Hydrogen . 


1.0 


1 


1.0 


1.0 


• • • • 


Below— 230 


8 


Fluorine . . 


18.91 


1 


18.91 


18.23 


• • • • 


Below —95 


L5 


Chlorine . . 


35.18 


1 


35.18 


35.83 


200 


-34 




(( 


(( 


(( 


(( 


23.3 


1560 




32 


Bromine . . 


79.34 


1 


79.34 


82.77 


102 


59 




(( 


i< 


(( 


« 


52.7 


1500 




47 


Iodine 


125.89 


1 


125.89 


127.7 


253 


184 




i( 


(( 


(( 


(( 


63.7 


1500 


» 


58 


Thallium . . 


202.6 


1 


202.6 


206.2 


1730 


Red heat. 


7 


Oxygen . . . 


7.94 


2 


15.88 


15.90 


• • • • 


-186 


14 


Sulphur . . . 


15.915 


2 


31.83 


112.0 


468 


446 




ik 


(( 


(( 


(( 


31.8 


1100-1719 




Bl 


Selenium . . 


39.2 


2 


78.4 


111.0 


860 


665 




(( 


(( 


i( 


(( 


82.2 


1420 




48 


Tellurium . 


63.25 


2 


126.5 


130.2 


1390-1439 


1390 


6 


Nitrogen . . 


4.643 


3 


13.93 


13.91 


• • • • 


-194 


13 


Phosphorus 


10.267 


3 


30.8 


63.96 


318 


278 




(( 


i( 


(( 


(( 


45.58 


1708 




30 


Arsenic 


24.8 


3 


74.4 


154.2 


644 






(1 


(( 


(i 


(( 


79.5 


1700 




46 


Antimony . 


39.7 


3 


119.1 


141.5 


1640 


1300 


70 


Bismuth . . 


68.83 


3 


206.5 


146.5 


1640 


1640 


9 


Sodium . . . 


22.88 


1 


22.88 


12.7 


% 


742 ' 


16 


Potassium . 


38.82 


1 


38.82 


18.8 


? 


667 


27 


Zinc 


32.45 


2 


64.90 


34.15 


1400 


930 


43 


Cadmium . 


55.7 


2 


111.4 


57.0 


1040 


770 


67 


Mercury . . 


99.25 


2 


198.5 


101.0 


446-1730 


358 


73 


Helium . . . 


f 


• • • 


? 


2.0 




Below-230 


74 


Argon 


f 


• • • 


? 


19.8 




-187 



* DatA mostly according to Ramsay, " Inorganic Chemistry." 
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t Table II, B.*~The Law of Gay-Ltume 



Hahm. 


Formula. 


weight. 




U7drogen fluoride 

chloride 

bromide 

iodide 

Thallium chloride 


UF 

UCl 

HBr 

UI 

TlCl 


19.91 

86.18 
60.34 
128.89 
237.78 


19.99 
86.38 
78.10 
128.0 
237.4 




n,o 

I1,S 
H.Se 
H.Te 


17.88 
33.83 

80.4 
138.5 




Hydrogen sulphiJe 

selenide 

telluride 


84.4 
60.54 
129.6 


Ammonia. 

Phosphorus hydride 


H,N 
H.P 
H.As 
Cl,Sb 

fl.Bi 


16.88 

77.4 
224.7 
312.0 


17.2 
33.1 


Aiitiraony ehloride 

Bismuth '■ 


224.7 
327.7 


Zinc chloride 

Cadmium Iromiile 

Mereurous chloride 


Kl 
ZnCl, 

CdBr, 

riftci 


164.7 
185.37 
370.3 

370.1 


166.9 
132.8 
267.0 
239.6 



Mercuric iodide — 

Sulphur dioxide . . . 

Carbon monoxide.. . 

" dioxide . . . 

Methane 

Acetylene. 

Benzene 

Siti 



Nitrogen peroxide. . 

tetroiide . 

Ferric ehloride 



CII. 

c,n, 
c.n. 



450.38 
6^.59 
37.79 
43.67 
15.91 
35.83 
77.46 
39.81 
45.69 
91.38 
161.1 
332.2 



! 468.0 

I 64.9 

I 27.96 

! 43.98 

16.0 

26.4 

79.78 

30.0 

45.8 at ISO" 

76.0 at 26* 

j 155.5 at 75O'*-1077° 

' 308 at 4«}° 



* Data 0106117 according to Unir, " Principles of Cbemistrj." 
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I 2. The Law of Dulong and Petit 

Mion between Equivalent and Comiining Weights of 
I Elementary Solids and their Specific Heats 

|-the accompanying Table III, A, No. 105, are given 9& 
Bcific heats of the solid elementary aubatances, together 
flieir equivalent weights, the factors which convert 
kter into combining weights, the combining weights 
filves, and the prodncta of specific heats by combining 
U. Inspection shows a relation similar to that in the 
(vapor-denBity. In some cases the equivalent weight, 
)gc cases a simple multiple of the equivalent weight, 
lumerically with specific heat a product which ap- 
fttes equality for all the solid elements. The prod- 
erage about 6.3 ±. 

9 seen that the approximation to constancy, save ld a 96 
kancea, is a remarkably cloae one, although the combin- 
ights range from 7 to 338, and the values for specific 
e affected with considerable uncertainty. Aa bearing 

I consideration must be given to the fact that specific 
ries with the allotropic condition of the substances, 
^h the temperature of determination. This is made 
iin the data of Table III, B. Diamond, graphite, and 97 

II are allotropic forma of the element carbon, and the 
lows how markedly the specific lieata of the three forma 
[Ven at the same temperature of determination. It alao 
[hat the specific heat increases with the temperature, 
tmnch smaller rate for high than for low temperatures. 

f)B peculiaritiea appear especially in those substances 98 
[ive exceptional products like glucinum, boron, car- 
id silicon. As the specific heat tends to increase 
e temperature, but at a rate notably diminishing as 
2>eratiire rises, it may be surmised that at a sufflcient- 
itemperatare the approximation to conatancy would 
J satisfactory. 



Beasons similar (o those suggested in considering the 
vapor-deimities may suitably lead in the case of elementary 
Bolida to the choice for combining weight of that multiple 
of the equivalent weight which, when multiplied by the 
Bpeeific heat, gives the product approximating most closelj 
to 6.3. This brings the combining weight into simple 
numerical relation with the specific heat. 

) Attention was first called to this relation by Dulong and 
Petit in 1819, and they urged the choice of combining 
weights in accordance with the above suggestion. This 
involved some changes in the values then in use, and their 
recommendation was not adopted until considerably later. 

The law which is generally designated by their names 
may be formulated thus : 

1 The s;pecific heat multiplied by the combining weight givet 
numerically a product which approximates a constant value, 
via., 6.S,for all the solid eleimnts. 

Inagnmch as this product is the quantity of heat, meas- 
nred in calories (see Part II, 60/,), necessary to raise by 
one degree the temperature of the quantity of the substance 
equal to the combining weight in grams, the law may be 
given this AltematiTe Statement: 

J Quantities of the elementary solids equal to their combin- 
ing weights in grams have approximately equal heat capaeitg 
— that is, they take the same quantity of heat, viz., 8.S±. oA- 
ories, to effect a rise of one degree in temperature. 

Note, — This relation does not hold for liquids nor for 
gases. 

I CoEOLLARY. — If the specif c heat of elements in the fill 
state remains unchanged when they have passed into combinO' 
tion, it follows thai the specific heat of a compound, muUipiitS 
by its cornbiwing weight, and divided by the number of eJeme»- 
tary combining masses which it contains, should give nuvur* 
ieally a value approximating 6.S± ; in other words, the heal 
capacity of a compound should equal the sum of tha heat 
capacities of its constituents. 
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Experiment shows this relation to hold in many solid 
compounds which are made up of solid elements, and it is 
designated as the Law of Kopp and Neumann. Thus, spe- 104 
cific heat multiplied by combining weight gives a product 
approximately 12 for the sulphides of iron and zinc, and 
others like them ; whereas the heat capacity of the sulphur, 
5.7, plus that of the metal, 6.2 ±, is 11.9 ±. 



Tabl£ III, A.* — The Law of Dulong and Petit 
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Name. 



Lithium 

Glucinum 

Boron 

Carbon (diamond). . . . 

Sodium 

Magnesium 

Aluminium 

Silicon (crys.) 

Phosphorus (crys.). . . 

Sulphur 

Potassium 

Calcium 

Scandium 

Chromium 

Manganese 

Iron 

Nickel 

Cobalt 

Coppei* 

Zinc 

Gallium 

Germanium 

Arsenic (crys.) 

Selenium 

Bromine (solid) 

Zirconium 

Molybdenum 

Ruthenium 

Rhodium 

Palladium 

Silver. 

Cadmium 

Indium 



Equivalent 
weight. 



6 
4 
3 
2 

22 
12 
8 
7 
10 
15 
38 
19 
14 
17 
27 
27 
29 
29 
31 
82 
23 
17 
24 
39 
79 
22 
47 
50 
51 
52 
107 
55 
37 



.97 

.5 

.62 

.9775 

.88 

.05 

.967 

.05 

.267 

.915 

.82 

.9 

.6 

.25 

.285 

.80 

.12 

.3 

.56 

.45 

.13 

.975 

.8 

.2 

.34 

.425 

.6 

.45 

.1 

.8 

.11 

.7 

.67 



Factor. 



1 
2 
3 
4 
1 
2 
3 
4 
3 
2 
1 
2 
3 
3 
2 
2 
2 
2 
2 
2 
3 
4 
3 
2 
1 
4 
2 
2 
2 
2 
1 
2 
3 



Combining 


Specific 
heat. 


weight. 


6.97 


0.9408 


9.0 


0.58 


10.86 


0.5 (?) 


11.91 


0.459 


22.88 


0.2984 


24.1 


0.250 


26.9 


0.225 


28.2 


0.208 


30.8 


0.202 


31.83 


0.178 


38.82 


0.166 


39.7 


0.170 


43.8 


0.153 


51.74 


0.100 (?) 


54.57 


0.122 


55.6 


0.114 


58.24 


0.108 


58.6 


0.107 


63.12 


0.095 


64.9 


0.0956 


69.4 


0.079 (?) 


71.9 


0.0758(?) 


74.4 


0.0822 


78.5 


0.076 


79.34 


0.0843 


89.7 


0.0666 


95.3 


0.0722 


100.9 


0.0611 


102.2 


0.058 


105.6 


0.0593 


107.11 


0.057 


111.4 


0.0567 


113.0 


0.057 



Sp. H. X 
comb. wt. 



6.6 
5.2 
5.4 
5.5 
6.7 
6.0 
6.1 
5.7 
6.2 
5.7 
6.5 
6.8 
6.7 
5.2 
6.7 
6.3 
6.3 
6.3 
6.0 
6.2 
5.5 
5.5 
6.1 
6.0 
6.7 
6.0 
6.9 
6.2 
5.9 
6.2 
6.1 
6.3 
6.4 



• Data mofitly according to Muir, " Principles of Chemistry." 




; III, A'—Tka Law of Bulojig and Pelit-~{Conlinued] 



»^. 


EqulvaJant 


Factor 


wetghl. 


"BS- 


^^■A 




29.525 

125 ; 80 
63.35 

45.8 
34.75 
91.5 
47.375 
47.925 
48.85 
195.7 
99.35 

103 : 88 
68.83 
57.735 
59.45 


4 
3 
1 
2 
3 
4 
3 
4 
4 
4 
1 
3 

2 
3 
4 

4 


118.1 
119.1 

135.89 
126.5 
137.45 
139.0 
183.0 
189.3 
1B1.7 
193.4 
195.7 
198.5 

303^6 
205,36 
306.5 

337^8 


0.056 
0.0508 
0.0541 
0.0474 
0.0449 
0.044B 
0.0334 
0.0311 
0.0836 
0.0334 
0.0334 
0.031t» 
0.033 
0.0335 
0.0314 
0.0308 
0.0376 






6 
6 

6 
6 
6 
6 








Tellurium . . 












Sa:"::: ■ r:: 
















Meronry (solid) 

aiquid) .... 


3 























; III, Q.*— The Law of Duiong and Petit 



».„. 


Temp^t™. 


BpedflD heat. 


Sp.H.x™mb.*t. 


Carbon, graphite 


-50° 
+10" 
85° 
350' 
606° 

9ar 

-50" 

+ 10° 

61° 

301° 

250° 

641' 

078" 

0"-23' 

0°-99° 


0.0635 
0.1138 
0.1765 
0.3036 
0.4408 
0.4589 
0.1138 
0.1604 
0.1990 
0.3966 
0.335 
0.4454 
0.407 
0.1653 
0.1985 



1 
3 
3 
5 
6 
1 
1 
3 
8 
8 
S 
S 
1 
3 
3 


076 
35 

la 

68 





















* Bftta mostly ftccording to Muir, " Principles of Chemistiy,'" 
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3. The Law of UitBcherlich 

Relation between C'umpnuition, and hence Combining Weight, 
and Specific — i*. e.. Crystalline Form 

The law for present purposes may be thus stated : 
Substances which are similar in composition sometimes Itt 

s/iow the same crystalline form. 

The similarity of composition here referred to is seen in 

the following substances : 

Citlfium carbonate, CaCOj 
Magnesium carbonate, MgCOg 
Ferrous carbonate, FeCOj 
Zinc carbonate, ZnCO:, 

They all come under the type expressed by the general 
formula MCO3, in which M represents one combining mass 
of the metal, and they also show the same form of crystal. 
The substance, sodium carbonate, XajCOj, on the other 
band, does not have a composition similar to these, it comes 
under a different type ; nor does it have the same crystal- 
line form. 

The significance of this relation in its bearing on com- 
bining weight is only of minor importance. Its application 
maybe thus illostrated: Suppose it has been determined 
that the equivalent weight of zinc is 32.5, but that there is 
question whether to choose this or its multiple by 2 as the 
combining weight. With the former value, the formula for 
its carbonate would be ZnsCOj; with the latter, ZnOOa- 
Suppose now that it is observed to crystallize in the same 
form as the carbonates of calcium, magnesium, and iron, 
which have the accepted symbols above given ; hut this 
erj-stalline form is not like that of sodium carbonate, which 
substance has the symbol XajCOj. These facts would favor 
the choice of 05, rather than 32.5, as the combining weight 
for zinc. 



The law was diacovered by Mitscherlich and announced 
in 1819. 

4. The Law of Booult (I) 

Relation between Combining Weights of Solutes and Spedp 

Depressions of the Freezitig Points in Specified Solvent 

(See Part I, Na 21) 

> Freliminary statement — It has already been observed and 
noted (see Part I, '-iS,) that the presence of sabstances in 
solution tends to lower the freezing point of the solution at 
compared with that of the pure solvent. 

I Law of proportionality. — For the same substance in the 
same quantity of the same solvent, the depression of the 
freezing point is proportional to the quantity of the sub- 
stance dissolved. 

I Tbe qtedfic depression of the freezing point of a sab- 
stance in a specified solvent is tbe depression prodnced 
by 1 gram of the substance dissolved in 100 grams of the 
solvent. 

I The law (1882). — Clause I. — rA« specific depression ^ 
the freezing point multiplied by the comhining weight of ikt 
solute, tfhen the latter is compound, gities a product (D) 
which is appr&jrimatelg the same for all compound solutes IH 
the same solrent, but differs with different solvents. 

! Clause II. — Wheti the solute tc elementary, its spsdfie 
depression multiplied bg its combining ireighl, or a mnliiple 
of the latter by a small whole number, -gives a product (D) 
which is approjrimateiif the same for all elementary sotuies 
and equal to that for compounds in the same solvmi, but 
which differs with different solrenls. 

I At to data. — The law finds yerifit-ation in many instances, 
but it fails in many others ; and the phenomenon is greatly 
complicated by the fact that the law of proportionality does 
not always hold good. This throws doubt on the calcidaf 
tion of the specific depression and of the constant of de- 
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pression, D. Proportionality ofteu holdB wh'ih Bolutiounani 
very dilute, but ceaseB when they be^;orrje ooTj^Mintrat^jd. A 
similar difficulty waB not^d in connection with vaj>'>r-'i«'ij>'ity 
(see Xos. 8>S and 89. Pan I) and fcpecifjc heal fw5<; So>. '^7 
and 98), the valnes for which rary with the te/nj/'.-ratuj': of 
determination. 

A very slight illTisTration of this :- J^eerj ;.'. t'.*: Oi*.?* S? J II 
snlphiLT and for iodiiie at solut-e-. w/^;, i.".- ;r.i':.' .: 'J^^.' 
I V, C (X 0. 1T^\. Ti e ffi^c: fi '■ '; •'. .orf-isi . o:, '/ • - * * • ; t r. « •• 
varies fr':»m O.^fi.:*' •■•:- 0.5;4--'' w;,*::, :;.- - •.-. -^ - *«i;' ->• •«>- 
ries from i.4 t' T.i per '•r\'. v:.. r :;_?>- ',* v. • ^ -i^'-^.v 
from O.^T:^ T-: v.i-i.l' wh:. & vbr-t:..:, • >• v-- *•-;•? 
2.2 to o.:. 



A rreti Hitz-T iifc-^fc ^ 



* . • t" 



^ t. ^ '. • •: ' *'" > . ^ V 



( . 






have liet-i. hi-: zzi-'^l^hZ-i.. Z ■ ^r-. - r - ---t '' " - t :':••»<•■ • 

plana: ^.L lit* ti*^i -^-'r-: * •.-. - i---.-".t • • :• 
ucts ar tr* f'.'i:^: f -' -.:.- .u-' * • - -•. '-"t' — * vt -• 
tion iX:.. Ill ~ > •;i.-r-: ■•. ■ - ->- : v :■ 
actnal d-E-r-'imji^iri 1 ' "■: — ■■.■-".i- — 
pare wrii y :^ -* . r 

sincr ''in IrT jf i:.- '-.••'::-■•■ 

giTri: il-- ia.li : »• *- 
casket if "I'Ij -n ■!!'•"".;■, 
large ffc-r.'-r i-r :•: .: . -. 
in (SOIL jA.-i— •: v::: . .- 
Xos. 14 tii: *' . 

be de"t^m.::tr: :~ *•'--''.,;: : 
ber of fei.---Uiiiv'-> ■ 
eiLf'.'ivf: ii Tis- .- 
as sc-jT^-in* 'c-" r -.. 
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latent heat of fusion, measured in calories, for 100 grama 
of the solvent. The calculated and the observed values 
B closely iu many instances. A few oxamples are given 
a Table IV, D (Xo. 123). 

An alternative statement of Raoult's law may be made 
as follows : Masses of solutes which are proportional to their 
combining weights, or in the caae of elements to simple mul- 
tiples thereof, when dissolved in 100 grams of the same sol- 
vent, produce approximately equal effects in depressing th« 
freezing point of the solutions as compared with that of the 
solvent. . 

Hethod (rf applying. — Suppose it ia questioned wliat 
multiple of Ifi.O shall be used as the combining weight 
of hydrosulphnric acid. Experiment gives 1.05° as the 
speciflc depression for this aubatance in acetic acid. 
Hence, by Eaoult's law, 



Comb, wt. : 



1.05 "^' 



and the multiple of 1 6.!) by 2 is chot 
most closely to 37±. 



e it approximates 



Tablk IV. K*—Eaouies Law (I) 
nt, aeetio aciiJ. Freezing point = 16.75°. Constant, Dsatf 



t 



8.^ 


Foramla. 


>^°a»«9 




CH.O 
C,H,.0 
CCl.H 

C,H»0, 

0„H. 

C„H„0 

HjO 

CS, 

g;! 

H,.SO. 

HOI 

MgfC.H.O,), 


86.#| 




884 V 


Chloroform 


88.B J 








36.4, J 



































! 



the: r-^.' 



\ 
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6. The Law of Baoidt (H) 




Relation between Combining Weights of Solutes and l^s- ' 
cijic ElevatioHS of the Boiling Temperature in Specified 
Solvent 

[ Preliminary statement — The faota preaented in the pre- 
ceding section relative to the freezing point of soiutions 
are closely puruUelod by the facts relative to the boiling 
temperature of the same. Attention has already been 
given to the fact that the presence in solution of non-vola- 
tile substances, or of substancea practically non-volatile in 
the actual conditions tends to raise the temperature of the 
boiling solution as compared with that of the pure solvent 
(compare No. 34/4). This temperature is not to be con- 
fused with that of the boiling point, which is strictly 
the temperature of the vapor, not of the liquid. The 
term " boiling temperature " is herein used to designate 
the first. 

i Boiling takes place when the pressure of the vapor 
which is formed in the body of the liquid just exceeds the 
pressure of the atmosphere plus the resistance which the 
liquid offers to the formation and movement of bubbles. 
Now, the presence of non-volatile substances in the liquid 
reduces the vapor-pressure for a given temperature, and 
consequently increases the temperature which is necessary 
to produce a vapor- pressure equal to the opposing pressure 
of the atmosphere; tn other words, it raises the boiling 
temperature of the liquid, although the temperature of the 
vapor, after it has escaped from the liquid — i. e., the boiling 
point — may be unaffected. 

I The law of proportionality, — For the same substance in 
the same quantity of the same solvent the elevation of the 
boiling temperature is proportional to the quantity of the I 
substance dissolved. 

The Bpedflfi elevation of the boiling temperature < 
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BbstanGe in a specified solvetit is the elevation produced 
f 1 gram of the Biihstance diasolved in 100 gritma of the 
Iflvent. 

Tlie law {1886).— Clause l.—The specific elevation of 127 
J boiling temperature mnltiplied iy the combining weight 
ft/te solute, te/teji the latter is compound, gives a product 
E) which is approximately the saine for all compound 
^utea in the same solvent, but differs with different sol- 

Olause II. — When the solute is elementary, its specific lHJ 
tvation multiplied by its combining weight, or a multiple of 
f latter by a small whole number, gives a product (E) which 
M approximately the same for all elementary solutes and equal 
I that for compounds in the same solvent, but which differs 
fih different aoh-ents. 

As to data. — The statement made concerning exceptionB 1^ 

jth to the law of proportionality and to the law of Eaonlt 

nlative to freezing point is equally applicable to the phe- 

pmenon of boiling temperature. There are many verificBr 

ens, tut also many exceptions. Variation from propor- 

pnality ia seen in the data for sulphur, Table V, F. For a 

meentration of 1.5 per cent the multiple of the combining 

eiglit by 8 gives a good approximation to the expected 

Mdnct; whereas at a concentration of 10 per cent the 

ictor 9 gives the closest approximation. A few of the 

very many experimental determinations for compounds are 

given in Table V, E, and those of the available elements in 

, Table V,F. 

The constant of elevation, E. for a specified solvent may 180 
be calculated from the experimentally determined 
lioiling temperature of the solvent and the latent heat of 
L vaporization, mcLtaured in calories, for 100 grams of the 
same. 

An alternative statement of this law miiy be made in 131 
I terms exactly similar to those employed in the law relative 
I to the freezing point of solutions. 
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Table V,E.*—Iiaoulf»Lav! (//) 
181! SolTent, alcohol. Boilingpoint=78.3°. Constant,E=11.5°((;a!eiiWril 

BOLUT*. Formula. Oomb. wt, PnjductB. ^Jj^' fipec.E, 



Naphthalene .... 

BcDzoic acid 

Merourio chloridt 
Lithium 
Potassium acetate . 



C„H, 

CNJI.O 

C,H.O, 

HgCI, 

LiCl 

KC,H,0, 



Boiling point, 100°, Constant, E = 5.2° (calcnlaltd). 



Urea 

Boric acid ... 

Mercuric chloride. . 
Cadmium iodide... 
Sodium acetate. . . 



C„H„Ou 


343 


4.9 




182 


5.0 




CN,H.O 


60 


4.3 




H.BO. 




4.8 




a* 


271 


5.0 




SOS 


5.B 




NaCBiO, 


83 


9,6 





184 Solvent, carb. disulphide. Boilingpoiiit,465°. Constant,! 



Anthracene . . 
Naphthalene . 
Camphor 



CoH, 
CoHi.O 



o.im 

0.13S1 
0.181' 
0.171' 



Table V, ?.j—Raoull'a Law {II) 
1S& Solvent, carbon disulphide. Boiling point, 46.2'. Constant, E =38.7 



Boumf. 


Percent 


Spec. K. 


Multiple of comb, wt. 


PredoBKl 


Phosphorus .... 
Snlpbur...'.'!; 


l.fiS 
10.80 

1.52 
10.00 

1.37 

8.00 


0.185° 
0.159° 
O.Oflr 
0.083° 

o.ons" 

0.087" 


30.8x4 
81.8x8 
135.9x2 


22,8* 
19.6' 
24.0' 
21.0" 
23.9- 
31. fl' 







" According to Beckmann, Zeitaehrift filr pbysikalisehe Chemio, * 
487 (1890). t Ibid., T, 76 (18!)0). 
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Summary 

In Bnmming up the facts prcBented in this chapter rela- 1 
tive to the elements, it is seen that masses of these sub- 
stances, which are proportional to their equivalent weights 
or to products thereof by a small whole number, produce 
equal, or approximately equal, effects in occupying volume 
when in the gaseous condition; in absorbing heat with 
equal changes of temperature when in the solid condition; 
and in depressing the freezing point and raising the boiling 
tomperature when in dilute solution by equal quantities of 
the same solvent. 

Moreover, it is learned that simplicity of relation is 1 
brought about by choosing for combining weight the exact 
multiple of the equivalent weight which in the gaseous 
state occupies a volume most closely approximating that 
occupied by 1 gram of hydrogen in similar conditions of 
temperature and preaBure, and which in the solid state 
requires a quantity of heat most closely approximating 
6.2 ± calories to effect a rise of one degree in tempera- 
ture; and that the choice is conventionally made in ac- 
cordance with these principles, unless reason is found for 
choosing otherwise. 

Relative to compounds, it is learned that masses of these ] 
equal to their simplest combining weights in grams do 
in many instances occupy in gaseous condition approxi- 
mately equal volumes, and that this volume is equal to that 
occupied by 8 grams of hydrogen at the same tempera- 
ture and pressure. And again, for simplicity of relation, 
that exact multiple of the simplest possible combining 
weight is conventionally chosen for the actual combining 
weight which in the form of gas occupies a volume most 
closely approximating that of 3 grama of hydrogen. In 
addition, it is learned that masses of compounds which are 
proportional to their combining weights likewise in many 
LDBtances produce equal effects in depressing the freezing 
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point and in elevating the boiling temperature when in 
Bolution under similar conditions. 

B And, finally, in comparing elements with compounds it 
ia to be particularly noted that the combining masses of 
the elements must generally be multiplied by a small factor 
in order to produce equal efleets with those of the combin- 
ing masses of the compounds, in respect to the epeoific 
properties herein studied. In the matter of vapor-density 
(see Table II, Sob. 93 and 94) the factor ia generally i. 
Exceptions may be noted as follows ; for iodine the faetflr 
is 3 at low temperature and 1 at high, but it is 2 in relation 
to freezing point and boiling temperature ; for sulphur the 
factor is 7 at low temperature, 3 at high, and 8 or more in 
relation to freezing point and boiling temperature ; for 
phosphorus it is 4 at low temperature and the same for the 
phenomena of the freezing point and boiling temporatnrei 
for arsenic, relative to vapor-density, it ia 4 at low and 2 at 
high temperature, while it is 1 for sodium, potassium, aino, 
cadmium, and mercury. 

) Relative to specific heat, on the other hand, the factor 
varies and is equal to the number of elementary combining' 
masses which the compound contains. 

1 Great significance is attached to the facts of this chap^ 
ter, and important theoretic conceptions are baaed npoB' 
them. The correlation of these widely diverse phenomena, 
and there are likewise others which have not been be» 
presented, with those of chemical change can not but Wj 
impressive to the thoughtful student of nature. It forces 
upon him the conviction that there must be some canas 
underlying the common relation ; and men have not bwB 
slow in their attempts to discover and explain this cauat, 
The outcome of their efforts will be set forth in connectiin 
with the atomic theoTy in Chapter VII; hut, preceding tlii^ 
it is well to give brief consideration to the method of detsP 
mining experimentally these fundamental values, the eqain; 
lent and combining weights. 



CHAPTER VI 



1. Determination of the Equivalent Weight of an Element 

The equivalent weight of un elGineiit lias already been 142 ' 
lefined {see Xos. 42 and i3). The most direct method of ' 

ietermining its value is to ascertain by experiment what | 

mass of the suhstanee combineK with 1 gram of hydro- 
jen. If it combines in more than one ratio with hydrogen, 
mder the law of multiples, more than one value will be 
found. For convenience the smallest might be designated, i 

ilthough this is not important. If it forms no compound 
icith hydrogen, it is necessary to determine its ratio of com- ' 

jination with some element, the equivalent weight of which I 

las been determined. Many of the elements do not com- i 

line with hydrogen, or, if they do so combine, they form ' 

jomponiids not so well suited for analysis as those with 
lome other element. On the other hand, most of the 
ilementa do combine with oxygen and furnish compounds 148 
iTiiilable for analysis. With chlorine, also, many advan- 
lageous compounds are formed. And so, historically, the 
>xides and chlorides have been more frequently used than 
;he hydrides, and in some instances other and more com- 
plicated componnds than these have served. 

To determine the equivalent weight, therefore, it' is ne- 144 , 
-.esmry to ascertain by experiment what mass of the element 
•■ombines with 1 gram of hydrogen, or, if this is impracti- 
TobU, with 7.H grams of orygen, or 35.189 grams of chlorine, 
fmth the equivalent mass of some other substance. 
^^ 71 



» There is no need to consider liere the details of esperi- 
mental procedure. The most refined analytical metLods 
known and available to chemists have been brought to bear 
upon the determination of these fundamental values. Kot 
by any means the same degree of accuracy has been at 
tained in a!l instances. The values given for the combining 
weights in Table XI, Jfo. 644, have in moat instances au 
uncertainty of one or two units in the last figure. Tlif 
greatest accuracy is claimed for that of silver, with an un- 
certainty of less than four units in more than one hundred 
thousand, an accuracy " which has scarcely been obtained 
elsewhere in the exact sciences, much less Burpasaed."* 
The name of Stas (1860-1865), a Belgian chemist, is mem- 
orably associated with this great work. 

I Several other values show an uncertainty of only a fe» 
units in ten thousand or more, while in others it is as much 
aa one per cent. The combining ratios of oxygen and 
chlorine with liydrogen are especially important, being tbs. 
values upon which many of the others depend, and vast 
labor and great skill have been brought to bear upon their 
determination. In spite of this, the equivalent of oxygen, 
until a comparatively recent date, has been affected by an 
uncertainty as great as onu part in two hundred. For tliis 
reason it has been proposed to fix this value as eight— 
that is. to make 8 grams of oxygen the base of the sys- 
tem instead of 1 gram of hydrogen, letting the uncertainty 
lie upon the value for hydrogen, the equivalent weight of 
which would become one and a small fraction. The com- 
bining weights reckoned on this basis {0 = 16) are also 
given in Table XI, N'o. 644. 

r By experiments involving the greatest skill and moat 
elaborate apparatus, Morley. of Cleveland (1895), and others, 
have determined tlie mass of oxygen which combines with 
S grams of hydrogen as 15.879, with a probable error of 



* Ostwald (Walker), " Outlines ol General Chemistry." 



DETERMINING EQUIVALENT WEIGHTS 73 

a few units in about sixteen thousand. A few of 
3y's results are here quoted as of interest : 

15.877 
15.877 
15.877 
15.878 
15.879 
15.881 
15.881 
. 15.882 



15.8792 = the mean of these and others. 

s of special interest, also, in connection with your ex- 148 
lent under Law 4, Chapter II (No. 4I/2), are quoted 
recent results in determining with the utmost exact- 
the mass of zinc which combines with 16 grams of 
3n, by converting a weighed quantity into nitrate, 
ing, and weighing the oxide obtained : 

65.459 
65.445 
65.459 
65.440 
66.489 
65.475 
65.437 
65.447 



65.457 



I the case of some of the metals, the experimental de- 149 
nation of the ratio of hydrogen displacement, as illus- 
i in your experiments (Nos. 4I/3 and 4I/4), is useful, 
ather as a secondary method of control than as a direct 
mination of the equivalent weight. 

orse and Arbuckle, American Chemical Journal, xx, 195 (1898). 




[ 



The choice of that multiple of the equivalent weif 
which shall be designated as the combiniug weight ia con- 
trolled by such one or several of the relations given in 
Chapter V as may be applicable to the element in qneatioii. 
In the event of conflicting indications, the law of Gaj-Liis- 
sac probably carriea the greatest weight, and next to this 
the law of Dulong and Petit. The laws of Kaonit haw 
come into nae in only comparatively recent years, and have 
given valuable indications in many cases in which the dats 
for the application of the other laws were lacking. 

I Besides the reasons for the choice of multiples, which 
are found in the correlation of the specific properties 
studied in Chapter V, a very important aid is obtained in 
considering the relation of the element to other elements 
through its general properties. This relation is ombodied 
in the law of periodicity (see Chapter VIII, Nos. 436 and 589, 
Part I), the presentation of which is best deferred, until 
after a somewhat detailed descriptive study of the elements 
themselves. SuflSce it for the present to state, by way 
of illustration, that the relation of carbon to the other 
elements, now expressed by the law of periodicity as de- 
pendent on the combining weight 12, would be quite inex- 
pressible as dependent on any other multiple of its eqnivii- 
lent weight 3, if the other elements retained their present 
values. 

I It may be well to emphasize by repetition here what is 
implied in al! the foregoing study, that these relations iritli 
specific properties are used only to determine the choica of 
that exact multiple by a whole number of the equivalent 
weight which shall be used aa combining weight, and not 
to determine the fundamental ratio itself, which is expressed 
in the equivalent weight. This value is determined by 
chemical analysis with a precision which, save in a few in- 
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ces, far exceeds that reached in the measurement of the 
ific properties. The approximations in the latter are, 
ever, usually sufficient to distinguish clearly between 
jrent multiples. 

8. Determination of the Formula of a Compound 

The first step in the solution of this problem must be to 158 
jrmine qualitatively what elementary constituents the 
m compound contains. It suffices, and may be more 
irenient, to learn the proximate constituents, if the com- 
tion of the latter is known. Thus carbon dioxide may 
recognized as a constituent of sodium carbonate (com- 
) Exps. Nos. 35 and 81/i), and by this it is known that 
)on and oxygen are among its elementary constituents. 
\ often more practicable to convert an elementary con- 
lent into some recognizable compound, than to separate 

identify it in its elementary condition. Thus, if a 
pound is combustible, and water is identified as a prod- 
of its combustion, the presence of hydrogen as a con- 
lent is proved (compare Exps. 34/2 and 34/4). 
The second step must be to ascertain, as accurately as 154 
lible, the quantities of the elements present in a meas- 
1 quantity of the compound. And here likewise, it 
' be necessary to convert the elements quantitatively into 
Q8 of known composition, suitable for measurement. 
! results of such quantitative determination are usually 
ressed as parts found in one hundred parts of the com- 
Qd taken. 

7b deduce a formula when the percentage composition 165 
aown, divide the percentage of each constituent by the 
bining weight of the same. A series of quotients is thus 
ined which should stand to each other in a ratio closely 
•Qximating that of whole numbers ; if the whole num- 

desired do not appear on inspection, divide the quo- 
ta by the smallest of the series. Write the symbols of 



the elementary conBtituents together to form the symhol of 
the compound, and attach to them, as coefficients (written 
below the line), the simplest set of whole numberB whicli 
stand in the ratio of the quotients. This formula showe 
the percentage composition of the substance, and the Bum 
of the constituent weights liecomea its combining weight, 
unless there be found some reason for choosing a multiple 
of this formula and this combining weight, as indicated by 
the law of Gay-Lussac, or those of Eaoult. Of these the 
former is reckoned as giving the surer indication. There 
are many compounds, however, to which neither can be 
applied. 

The following esaciipie of ttolual experimental results is taken froH 
& recent jourNal : * 

Experiment 1, Eiperiment U. 

Carbon 13,00 per cent 1 1 M per cent 

Hydrogen 3.B8 " 4.03 

Nitrogen 6.77 " 

Bromino 77.50 " 

100.31 



ia.OO + 11.9 = 1.008 
8.98 -f- 1,0 = 3.98 
6.77 + 13.0 - 0.487 

77.50 -!- 79.3 = 0.978 



1.008^0.487 = 2.0? ! 

3.98 +0.487 = 8.17 
0.4S7 + 0.487 = 
1.078 -i- 0.487 = 



Hence is deduced the formula CaHaNiBri, which 



the i 



ing percentages Co which the experimental values approsimote ; 

Carbon = 11,65 
Hydrogen = 8.98 
Nitrogen = 6.80 
Bromine = 77.63 
100,00 

i Examples, — (1) Dedure the fiiritinia of tliB compound frai^jl 
following data: B3.30 per cent of carbon, 7.70 per cent of hTdrogeai \ 
spacifle gravity as a gas (H = 1) is approsimately 88. 




] ,Ir)urnal, vol. xx, p. 66 (January, 3 



1 
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(2) Also for 40.00 per cent of carbon, 6.67 per cent of hydrogen, 
and 53.33 per cent of oxygen ; specific gravity, as a gas, is approxi- 
mately 29. 

(3) -Also for 78.86 per cent carbon, 10.60 per cent hydrogen, 10.53 
per cent oxygen. 

(4) Assume that 1 gram of a substance (e. g., alcohol) containing 
only carbon, hydrogen, and oxygen yields by burning 1.913 grams of 
carbon dioxide and 1.173 grams of water (the quantity of oxygen is 
assumed to be the difference between the total and the sum of the car- 
bon and the hydrogen) ; assume that the specific gravity of the gas 
is approximately 23 ; deduce the percentage of carbon, hydrogen, and 
oxygen, and the formula of the substance. 

(5) Experiment gives for ferric chloride the vapor-density 10.7 (air = 1) 
and the percentage of chlorine 65.76 ; also the specific heat of iron as 
0.114; assume for the combining weight of chlorine 35.2 and deduce 
the combining weight of iron and the formula of iron chloride (Meyer 
and Griinwald). 

(6) What percentage of chlorine is contained in ammonium chloride! 

(7) What is the percentage of iodine in mercurous iodide f In mer- 
curic iodide f 

(8) Assume that 10 grams of pure iron displace 0.36 of a gram of 
hydrogen from hydrochloric acid ; calculate the equivalent weight of 
iron. 

(9) What weight of oxygen should be obtained by heating 10 grams of 
pure potassium chlorate ? 

(10) What is the percentage of carbon dioxide contained in calcium 
carbonate f 




THE ATOMIC THEORY 

' It is the purpose of this chapter to present under this 
general title the prevailing theories which have been de- 
vised to explain the facts already set forth, as well as 
many other facts impracticable of treatment in an elemen- 
tary study, 

I Some writers on the history of chemistry endeavor to 
trace the origin of the atomic theory back to Greek and 
Latin apecnlative writers, who did indeed discuss the nature 
of matter, its infinite divisibility, and kindred subjects; bnt 
this was rather metaphysical speculation, and may hardly 
be regarded as related to physical science in the strict 
meaning of the term. 

I To Dalton, a chemist and physicist of Manchester, Eng- 
land, ia credited the invention of the atomic theory, since 
he was the first to give it quantitative form, and to mate it 
a truly scientific hypothesis, to be tested by experiment and 
observation. This he did between 1803 and 1806, and he 
was led to the conception largely by his discovery of the 
fact of multiple proportions. Since then the theory has 
been greatly modified by change and extension, hut atill 
preserves his fundamental idea. 

( In order to present the theory as a whole, and logioallj 

• If the instructor desires to ilefer the presentatioQ ot the Atomic 
Theory until later in the course, there is nothing in tho arrangement 



of the subject'inatter to hinder so doing. 
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rather than chronologically, it is necesBary to give atten- 
tion, first, to a purely physical hypothesis as to the consti- 
tution of matter. The aaaiimption which most satisfac- 
torily explains many facts in the domain of physics ia that 
gross matter— that is, matter aa it appears to the senses — ia 

>an aggregution of very small material particles, separated 
by intervening spaces, and that these particles are the 
'■nits (or individuals, so to speak) upon which act different * 
«ada of energy, such as heat, light, and electricity. The 
Hiipposition is that snhstances (for example, glass), although 
Wiey appear homogeneous, are in reality grained, and would 
i^o appear to a sufficiently magnified sense — as a pile of 
shot, at a distance, would seem homogeneous, but, seen 
closely, would show its grained structure. 

These particles are called molecules, and the theory is : 
named the molecular theory. Upon it depends largely the 
explanation of the important phenomena of light and of 
heat, such as expansion and contraction with change of 
temperature, the solid, liquid, and gaseous states, and, 
in respect to the latter, the law of Boyle and that of 
Charles. 

These molecules are reckoned as real magnitudes, fur- : 
niahing as definite a basis for mathematical reasoning as if 
they could he individually weighed on tiie balance. They 
are much smaller than anything revealed by the most pow- 
erful microscope, yet they are capable of approximate meas- 
urement by indirect calculation. Lord Kelvin, the enunent 
English physicist, baa estimated that if a drop of water 
were magnified to the size of the earth, and its molecules in 
the same proportion, the mass would appear more coarsely 
grained than a heap of small shot, but less coarsely grained 
than a heap of baseballs. Or again, a cube one tour-thou- 
sandth of a millimeter or one one-hundred-thousandth of an 
inch on the edge is about the smallest mass to be seen by a 
good microscope, and this contains from sixty miUions to 
one hundred millions of molecules. Such magnitudes are 
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BO far beyond the range of ordinary experience that they 
Beem as inconceivably Bmall as the celestial dimensions seem 
inconceivably large. 

The atomic theory {or the atomic-molecular theory, as 
it might be called) in its present form involves the follow- 
ing fundamental assumptions : 

1. The molecnlar constitation of matter, — It is assumed 
that gross matter is an aggregation of very minute matfr 
rial particles, separated by intervening spaces. These par- 
ticles, called molecules, act as units to all forces other dmn 
chemical. 

8. The kinetio theory of gases (due largely to Clausius, 
1857) assumes that in the gascoiis condition the separating 
spaces are considerable as compared with the size of the 
molecules ; that the molecules are in rapid motion in all 
directions, colliding constantly with each other and witli 
the walls of the containing vessel, and, being perfecdy 
elastic, rebounding after every collision ; and that gas 
pressure is due to this impact on the walls. From thes^ 
assumptions, and by the application of the laws of me*— 
chanicB, may be deduced the laws of Boyle and CharleS-> 
which also have a purely experimental basis, as has bee** 
already described. 

3. Avogadro's hypothesia — It is assumed that equal vol — 

umes of all gases, independently of their chemical char 

acter, at the same temperature and pressure, contain th^^ 
same number of molecules. This was put forth as a hy"- — 
pothesis by Avogadro in 1811, but it may also be deducec^- 
from the kinetic, theory of gases which was developed con- — 
siderahly later. 

i. The chemical definition of a molecule defines it as th^^ 
smallest mass of a substance in which the properties of th^^ 
substance inhere; that is, the identity of a substance L^* 
conceived as resident in its molecule. It is assumed thf*' 
all molecules of the same substance are alike and have th.^^ 
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. As to molecular weights, — It is asaumed that tha rela- 

tive mass of molecules of different substances, referred to 

the molecule of hydrogen as unity, is equal to the specific 

gravity of the Bubsta.iice in gaseous condition, referred to 

hydrogen us standard. It follows that the values which 

have heen called the combining weights of compounds are 

by this theory called their molecular weights {in this sense 

not espresaible in grama), and that the molecular weight of 

hydrogen, and of some other elementary gases, is twice the 

F combining weight. This assumption is a direct deduction 

I from the laws of Gay-Lussac (see Part I, Nos. 47, 90/i, and 

i) and the hypothesis of Avogadro. 

6. Tlie divisibility of the molecule of a com^ponnd into 

I smaller parts which are unlike each other, and unlike the 

I original molecule, is assumed because a measured mass of 

l.the compound can be separated into smaller masses of its 

liementary constituents. Thus, since 18 grams of water 

"be separated into 2 grams of hydrogen and 16 grams 

H oxygon, it is assumed that the molecule of water, weigh- 

'"? :iiine times as much as the molecule of hydrogen, can 

\ and in the decomposition of water is, separated into 

sma-llcr parts of two different kinds, called atoms, one in 

the aggregate showing the properties of hydrogen, and the 

otiier those of oxygen. Compare No. 172. 

7. The divisibility of the molecnle of an element, at least 
of some elements, is assumed, and the assumption is based 
on reasoning, of which the following is an example : It is a 
fact, that one gas-volume of hydrogen and one gae-volume 
of chlorine combine and form two gas-volumes of hydro- 
chloric acid (see Part I, No. 49/,). It is assumed that two 
gaB-TolumeB of the compound contain twice as many mole- 
cules as one gas-volume of hydrogen and twice as many as 
""^ gas-volnnie of chlorine. It is also assumed that every 
"lolecule of hydrochloric acid contains its smaller particle 
** "hydrogen and of chlorine. Therefore it is assumed that 
eveiy molecule of hydrogen, likewise of chlorine, is divisible 
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into at least two equal and like parts, since the hydn 
molecules are distributed among twice their nmnbe 
molecules of hydrochloric acid. Exactly similar reasoi 
leads to the assumption that the molecules of oxygei 
forming water, and those of nitrogen in forming ammo 
are divided into at least two equal and like parts. . 
the same is true of most of the elementary gases. Tl 
smaller particles are named atoms. 

This assumption in distinguishing between the m 
eule and the atom of elements interprets the facts conci 
ing v^apor-density (see Nos. 72, etc., 93, and 94) aa indicut 
that the molecule of hydrogen and that of most of 
elementary gases contain two atoms ; that the moleculf 
iodine contains two atoms at low temperature, but only i 
at high — in other words, the atom and molecule become 
same ; likewise the molecule of sulphur contains aeven 
eight atoms at iow and two at high temperature; that 
phosphorus and that of arsenic contain four atoms; vl 
the molecules of sodium, potassium, zinc, cadmium, i 
mercury contain but one atom. See Nos. 139 and 141. 

8. The atom is defined as the smallest mass of each ( 
mentary substance that ia found in any molecule; it ia ' 
unit upon which chemical force acts, remaining nndJril 
through all changes. It is assumed that all atoms of 
same element are alike, but unlike the atoms of every ot 



! It is customary to speak of the atoms of hydrogen i 
of the atoms of osygen, yet we may not be justiflecl 
assuming that an aggregation of such atoms, uncombil 
in molecules, would show the properties of hydrogen I 
of oxygen. 

I 9. As to atomic weifhta. — It is assumed that all eh 
ical changes are due to the interaction of atoms; and t 
the relative mass of atoms of different elements, referrei 
the atom of hydrogen as unity, is constant and numeric 
equal to the combining weight of the element. 
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THE ATOMIC THEORY 

^B valtiea which have been called combining weights of the 
alementa are by this theory called the atomic weights {in 
this sense not expressible in grams). It follows that the 
formula of a compound shows the kind and number of 
atoms in its molecule. 

This assumption constituted the atomic theory as first 174 I 
announced by Dalton in 1804. It is simply a theoretic 
interpretation, or explanation, of the facts embodied in the 
laws of fixed, multiple, and equivalent proportions. 

10. As to beat capacity. — It is assumed that all atoms 175 , 
have the same heat capacity {see Nos. 101 and 102). This 
IB but the theoretic interpretation of the law of Dulong 
and Petit. 

11. As to Baoult's laws, — The theoretic statement is that 176 | 
the eSect of a solute in towering the freezing point and in 
mising the boiling temperature of a solvent is dependent 
on the number and not on the kind of molecules of the 
Bolate present in a specified mass of the solvent. The 
obBervations concerning sulphur and phosphorus and iodine 
in solution are interpreted as indicating eight, four, and 
tfo atoms respectively in the molecule (compare Nos. 116, 
132,135, 139, and 141). The exceptional values for com- 

' pounds, such as those seen in the last three items of the 
table, No. 130, are thought by some to indicate, for the 
Bnlwtances when dissolved in the specified solvent, a molec- 
ular weight which is double the formula weight given in 

- the table. On the other hand, values such as those seen in 
the last five items of No. 121 and in the last item of No. 133 
are interpreted as indicating, not that the molecular weights 
ttf the substances in question are one half those assigned in 
the table, but that the substances are aetiially decomposed 
'D the conditions of observation into elementary or into 
prodmate conatituents, so that there are twice as many 
iiolppiileH present as there would be without decomposi- 
tion. This assumption as to the peculiar condition of some 
substances when dissolved in some solvents is the basis of 
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what is known as the theory of electrolytic digaociation or of 
ionization. It was advanced by Arrhenins in 1887, and it 
includes the theoretic interpretation of many of the phe- 
nomena of solution besides those pertaining to the freeziBg 
point and to the boiling temperature. 

r 13. A< to the stmchira of nudecales. — It is assumed that 
the properties of substances are affected not only by the 
kind and nnmber of atoms in the molecnle, but also by 
their arrangement, grouping, or linkage. 

i The discovery in 1828 by Wohler that two different 
substaucefi may have the same percentage composition 
found no explanation in the theory of that time, which 
Assumed that the properties of the compound were de- 
pendent only on the kind and number of its constituent 
atoms. Since then very many instances have been revealed 
of substances which are identical in percentage composi- 
tion, but still very different in properties (compare Xos. 
37,;, 85, 85 1, and 86). This has led to the assumption 
of molecular structure to explain the existence of such 
substances, and many of the most conspicuous achieve- 
ments of njodern chemistry may be properly regarded as 
the outcome of this conception, or of experiments guided 
by it, 

i Substances having the same percentage composition, 
but not identic^, are called isomers. Of these there are 
two varieties — the polymern and the meiamers. The pf^jf- 
tners are substances which have the same percentage com- 
position, but differ in molecular weight. For example: 
the two substances acetylene, CjH^, and benzene, C»Hj, are 
polymers. In terms of the theory, the molecule of the 
first contains two atoms of carbon and two of hydrog«i| 
while that of the second contains six atoms of carbon audi 
six of hydrogen- 

t The metamers are substances which have the 
percentage composition and the same molecular weigbt. 
Their difference of properties is theoretically explained as 



^^Ke to difference in the grouping of the constituent atoniB 
^^K the molecnle. This is expressed in their formulas by a 
^^HSerence in the grouping of the symbolB. For example : 
^^Ke first instance of isomerism, discovered by WoKler, was 
^^K the two substances ammonium cyanate, a salt, NH4CNO, 
^^ftd urea (NH,)jCO, a very diSerent eubstunce having not 
^^Ken the general characteristics of the salts. The differ- 
^^Klce in structure is shown in the different arrangement or 
^^^■OTiping of the elementary symbols. / 

^H Evidence as to structure. — The subject of structure finds 1 
^^K greatest development in the study of the carbon coni- 
^^B>ands, usually called organic chemistry, and no detailed 
^^HOsideration of it is judged suitable for a course having 
^^^e scope of this one. It is desired, however, to give a 
H snggestion concerning the tind of evidence upon which 
Oissnmptions as to structure are based. For illustration, 
take the substance known as acetic acid. It contaiiw the 
elementB carbon, hydrogen, and oxygen. The percentage 
of these gives the formula CHjO, the combining weight of 
which would he 30. But the specific gravity of the sub- 
stance in gaseous condition indicates the combining weight 
60 ; therefore the molecular formula of the substance is 
CjH,Oe. This is polymeric with another very different 
anbstance which has the formula CHjO, Now, it is ob- 
Eerved that the substance CsHjOj acts as an acid — ^that is, 
I it contains hydrogen which can be replaced by the action 
■ of metals, forming a series of well defined salts. But ex- 
B periment shows also that only one fourth of the hydrogen 
^L contained can be thus replaced. The theoretic interpreta- 
^Hjtion of this is, that one of the four hydrogen atoms is held 
^^^B linked in the molecule in a manner somehow differing - 
^^Hbm that of the other three, and this, the first step in 
^^■^fferentiating the atoms in the structure of the molecule, 
♦T is expressed by writing the formula II{C5lT30;). 

Again, experiment shows that by acting upon acetic 
acid with a certain substance there is obtained from it a 
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Bnbetance which, when compared with the original in com- 
position, ehowB the loss of one atom of hydrogen and one 
of oxygen and the gain of one atom of chlorine — that is, 
one atom of chlorine haa been substituted for one of hydro- 
gen and one of oxygen, but no more than these two can 
be thuB substituted. The theoretic interpretation of tliis 
is that one atom of hydrogen and one of oxygen are 
in a peculiar manner not shared by the other atomB of 
hydrogen and o.xygen. Furthermore, the derived sab- 
stance, CjHaOCl, does not show the property of substi- 
tuting a metal for the hydrogen; therefore it is assnined 
that the hydrogen atom, thus aBsoeiated with the oxy^ 
atom in leaving the molecule, is the same that in the or^ 
nal substance was replaceable by a metal. This, the eecond 
step in solving the molecular structure, is expressed by 
writing the formula HOCC^HjO). 

181/3 It is next shown by experiment that acetic acid can be 
made synthetically, by a series of changes not necessaij to 
detail, from a snhatance whose molecule contains bnt one 
carbon atom, three hydrogen atoms, and the group OH. 
Its structure is shown by the formula CH^OH. The changfl 
of this into acetic acid involves the addition to the mole- 
cule, CHaOH, of a carbon atom from a source oqtside of 
itself, and some subsequent intermediate modifications; bot 
it is assumed that the atomic group CHj passes, itaeA 
unmodified, from the parent molecule, CH^OH, into the 
product, H0(CsH30), and continues to exist in the latter- 
This resolves the atomic group C^HjO into the groups CO 

181/3 and CH;,. Thus the original molecule containing two car- 
bon, four hydrogen, and two oxygen atoms (CeHiO,) has 
■ been resolved into atomic groups as expressed by the sjift- 
bols HO, and CO, and CHg. This is shown in the stmo- 
tural or constitutional formula CHj-CO-OH. 
182 By observations and assumptions, such as these jntf^ 
described, the structures of hundreds of substances hav* 
been determined, many of them very complicated. No* 



only is this true, but also that many natural aabstances, 
and even many never found in nature, have been made 
artificially by building them up from simpler snbstances as 
indicated by the atomic gronps in their aBsumed structure. 
It is doubtful if any branch of natural science can show 
more numerous instances of brilliant achievements in fact, 
realized under the guidance of theoretic conceptions, than | 
can synthetic chemistry, I 

13. As to Bpaoe relations of atoms, or Btereo-isomerism. — It is ISSii 
assumed that the properties of substances may be influenced to I 

slimited extent by the space relations of the atomic groups. j 
The discovery made by Pasteur in 18i8, that substances 18* 
might have not only the same percentage composition, the | 
Bame molecular weight^i. e., the same kind and number of J 
Rtomsin the molecute^but even the same atomic grouping, 
and still differ slightly in respect to certain properties, 
I could not be explained by the then existing theories. The 

Bnbstance in which this phenomenon was first observed by J 
, Pasteur is tartaric acid, found in the grape and other fruits. j 
The properties in which the slight difference is manifested ] 
ire crystalline form, and behavior toward polarized light. 
I It would be entirely impracticable fully to describe here 
either the phenomenon or the theory. Let it suffice to 
Mj tha,t Pasteur observed at least two varieties of tartaric 
acid. One when in solution rotates to the right the plane 
in which a ray of light is polarized ; the other rotates it to i 
the left. The two varieties, when crystallized, show two 
I kinds of crystals, one of which, as to arrangement of angles ' 
wid faces, is like the image of the other as seen in a mirror, , 
Yet, as to behavior in all their reactions, the two varieties I 
I •re alike, and therefore, it must be assumed, have the same 
strndnre or atomic grouping. This phenomenon is called I 
pkygical ismnerism, or stereo-isomerism. Many other ex- 
•■"plea of it have since been discovered. 

In 187i Le Bel and van't Iloff, independently of each 186 
ther, announced a theory designed to account for thi 
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phenomenon of physical isomerism. They both had the 
eame fundamental idea. According to this, the carbon atom, 
which is capable of uniting with four hydrogen atoms, or 
four groups of atoms, as seen in methane, CHj, fumiahes 
one condition for the phenomenon. It is assumed tiiat 
these four atome or groups are placed, with reference 
to the carbon atom, like the four apexes of a tetrahedron 
with reference to its center. Now, it is evident that, 
if every one of four such atoms, or groups, is different 
from every other one, there might be in two molecules, 
otherwise alike, the same diBerence in the position of the 
four with reference to the carbon atom as there is in the 
four apexes of a tetrahedi^on with reference to its center, 
compared with the same as seen in the image of the tetra- 
hedron reflected in a mirror. A carbon atom thus linked 
with four different atoms, or groups, is called asymmefrie, 
and its presence in the molecule is supposed by the the- 
ory to be the cause of Btereo-isomerism. For eiample, the 
accepted structure of the molecule of lactic acid, the acid 
of sour milk, is shown by the formula 

II 

I 
CH3— C— CO-OH, 

I 
OH 

in which it is assumed that one carbon atom is linked with 
four different groups, viz., CH„ and H, and OH, and CO-OH. 
It is, therefore, asymmetric, and the substance should shonr 
the phenomenon of physical isomerism, as in fact it does, 
The theory has been admirably worked out, and finds strong 
support in many recognized facts. 
1 Much more is included in this chapter than the atomic 
theory of Dalton contained, and more than this title accu- 
rately describes. But the title is classic, and serves its pur- 
pose probably as wel! as would any other single phrase. 
That these theories leave much unexplained, is surely true. 
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^hskt they explain with entire satisfaction all that they 
iwidertake to explain, is not wisely claimed. That they 
ttiay not in the future be greatly modified, and even es- 
sentially changed, it is not in accordance with the scientific 
spirit to assert. But that they have been and are useful as 
guide to inyestigation and as aid to understanding, is amply 
proved by the results achieved. 



CHAPTER Vin 



' It is the purpose in this chapter to present a somewh 
detailed description of the first twenty-flve elements, taki 
in the natural order — that is, the order of their increasii 
combining weights, and in conneetioii with each one, I 
convenience of arrangement, to give attention to some 
its important compounds. This is the subject-matter oft 
designated as Descriptive Chemistry, and includes moi 
perhaps, than is implied, strictly speaking, in the title 
the chapter ; nevertheless, the central idea of the whole w 
be found in the relation to which the title refers. 



A. Of the Elements, Collectively 



I 



i All substances, ao far as known, are made up of co 
paratively few - elementary forms of matter, which rea 
all attempts to reduce them to simpler forms. ThesB, 
present, number seventy-four, with possibly one or t 
additions. 

I Their distribution is by no means uniform. Eithert 
or as constituents, all of them are found in the solid m 
of the earth ; some thirty, in the sea ; five, in the atm 
phere, namely, hydrogen, carbon, nitrogen, oxygen, a 
argon (fioscoe) ; and, according to the revelations of 1 
spectroscope, at least twenty-two and possibly thirty-eij 
have been identified in the sun (Ramau 
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Aluminium, 9.9 to 6.1 

Iron, 9.6 to 2.4 " " 
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^^ quantity, too, they differ greatly, so far as known in 190 
to iragment of the universe, the earth. Oxygen is the 
most abundant of all. It constitutes nearly one quarter 
(23 per cent) of the atmosphere, nearly nine tenths (88.9 
per cent) of all the water of the globe, and nearly one half 
(Boscoe) of the solid portion of the earth's crust, the other 
half being made up in the main of only seven other elements. 
The following is the estimated composition of the greater 
portion of the earth's crust, not including water (Eoscoe) : 

f Oxygen, 44.0 to 48.7 per cent Calcium, 6.6 to 0.9 per cent 

Silicon, 22.8 to 36.2 " " Magnesium, 2.7 to 0.1 " " 

Sodium, 2.4 to 2.5 ** *' 

Potassium, 1.7 to 3.1 ** " ^ 

It is probable that the interior mass of the earth consists 
largely of sulphides (Ramsay). 

Adding to the eight of the foregoing list the following 
six, namely, hydrogen, carbon, nitrogen, phosphorus, sul- 
phur, and chlorine, we have those which constitute the 
greater part of matter as known to us. Twenty-three more 
niight be named, which, with those already mentioned, 
thirty-seven altogether, would include about all with which 
we come in contact in everyday life. Of the remainder, 
some are found somewhat commonly, although in small 
quantities ; others are so rare as to be only scientific^ curi- 
osities ; and of still others it may be said that their very 
existence as elemental forms is open to question. 

The five most closely associated with the living organism, 191 
whether plant or animal, are carbon, oxygen, nitrogen, 
hydrogen, and sulphur. Protoplasm, the fundamental 
form of living substance, contains these, and in proportion 
probably somewhat as follows : 

Carbon, 51 to 55 per cent 
OxygeD, 20 to 24 " " 
Nitrogen, 15 to 17 " 
Hydrogen, 6.5 to 7.5 " 
Sulphur, 0.3 to 2 " " 
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t Preparation. — 1. By the passage of the electric current i 
through slightly acidulated water {electroljais), by which 
hydrogen and oxjgeii are set free. 




FiQ. 2.— The cleetrolysis of water. Showing how tbe current from tlw 
Bssi'd through ai'iilulatrd water, and the eb«« '»''' 



electric battery is pBssi' ..,^.. ,.^. 

lected ill tbe gneoiuenic IuIkh. Tbe n 
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S. By the action of some dilute acids on some met*l»i * 
Bait being the second product. Of acids, hydrochloric anu 
sulphuric are tht? most available, and for the metala, ziMi 
iron, magnesium, and aluminium are commonly used. 

3. By the action of sodium or potassium hydroxide in 
solution on some metals, usually zinc or ainmintnm. Id 
this reaction, zinc or aluminium oxide is produced and 
combines with the hydroxide, forming a soluble com- 
pound. 

4. By the action of a few metals, practically godium ftH" 
potassium, on water at ordinary temperature, the met»l 
being oxidized by the oxygen of the water. The metslhc 
oxide in turn combines with water, and the soluble hydrox- 
ide is formed. 

5. By the action of some metals, for example iron, at • 
red heat on water vapor, an oxide of the metal being tb* 
second product. 



6. By the action of carbon at a high tempei'ature, white 

at, oil water vapor. The carbon is oxidized to carbon J 

inoside, a gas, so that a mixture of this substance and 1 

drogen is obtained. This mixture is made on a commer- I 
i flcale and is known as " water-gas." 

lese reactions are expressed in equation form as follows : l 

. HjO - 2H + . 

' 3. Zn + 2HCl = 2H + ZnCl, J 

3. Zn + 2XaOH = 2H + Ka^ZnOa (or \a^O,ZnO) I 

4. Na + HjO = H + NaOH I 
[ 6. 3Fe + 4HjO = 811 + FejO^ 1 

. C + n20 = 2H + C0. ' 

, propertiefl. — Hydrogen is a gas without color, 203 

Bte, or odor. The odor uaaally noted is dtie to impurity I 

ming from the metal or the acid. It is the lightest of 1 
lown substances, 14.4 times lighter than air. One liter 

it weighs 0.0899 of a gram at 0° and 760 mm. Being I 
ecifically very light, it also possesses high diffusiUHty 308/U 

that is, the power of mixing with other gaees, and of I 

ssing through a porous wall. This property varies in- ] 

Psely as the square root of the density, so that hydrogen I 
ffusea nearly four times as rapidly as air. 

It 18 but slightly soluble in water, 100 volumes dissolving 204 
i4 volumes of the gas at 760 mm. and 20° C. 

Occliinion.— Some metals show the property of absorbing 

'drogen. Conspicuous for this is palladium, which absorbs J 
ore than nine hundred times its volume of gas. Platinum 205 ] 

id iron show the property in less degree. The hydrogen 1 

meteorites is thus occluded by the iron. The gaa absorbed 

given up again at a high temperature. It is not improb- 

ile that chemical action plays some part in occlusion. I 
lAqmfa-ction. — At a pressure of 180 atmospberea and a 206 J 

emperature of —205°, hydrogen condenses to a clear, trans- 1 

»rent liquid whose density is fourteen times less than that I 

ufi|md water, and whose boiling point, under atmospheric I 
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t««ajm is. —238^. tfae lv««rt t^pentnre yet reached 

~ nd jufm^i^ — S j dnf tm haa ■• action on litmoK. 
b basBK is w w is oxTaaB ntk a fir Mttt. almost io- 
ri fiboalii^ 34,^^00 calories 
t Oam anj otb^ sobstiuice 
A aixtan with air buj be riolentl^ 
At a higlt t«mperaltiTe, il 
. m, deprives them li 
vxj^at — for f I »m^ . tm^fer, eUtct. and erra iron oxides, 
Whli cUorine il i ■■Imim >i erai expiodTidT, and it also 
t vith lR«BiBe, iodine, cajbon, nitrogen, 
|^iiM|iliiwnii. anIpliBr, and Um ^«tali, potsEeiain, sodium. 



o other sabstaiic«f shof, 
at the instant of libcntioa fnm a oonpoimd. a higher degree 
4rf dwmieal activitj than after the sepaistion has taken 
pbce. Tbii u oUed the umcmt bM«. Nascent hydrogen 
ia aUe to depriTO potanua |MiBa^anate of a portion of its 
o i ^ gea , a power which hjdzo^cB in inas$ does not paeseffi' 
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I Hjdngea ia not ptttotum^ bat it is incapable of giiEtuft- 
tni; !^. It may be inhaled for a shon time, and i^Wj 
cirramstaDce it gives a shrill tone to the roice. 
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tmponnds; in many minerals, in particular one of the 
irietiea of mica ; In some minerul waters and in the sea ; 
1 some soils ; in eome plants— e. g., tobacco, beets, sngar- 
ane ; in milk, and in the human body ; in some meteorites, 
ad in the atmosphere of the snn. 

Etparatioa. — It is prepared by the electrolysis of its '. 
chloride, 
iperttw — It is a metal like silver in color and luster, : 
bnt softer than lead. With a specific gravity of 0.59, it is 
the lightest of solids. It melts at 180°. 

It tarnishes -in the air by oxidation, and at a tempe.ra- i 
ture above 180° it bums brilliantly. It decomposes water at 
ordinary temperature, liberating hydrogen and forming the 
oiide, which ia LijO, This, in tnm, combines with water, 
forming the hydroxide, LiOH, which is soluble and is a 
strong base, resembling sodium hydroxide. 

The metal combines with hydrogen, carbon, and nitro- 
gen, forming respectively the hydride, LiH, the carbide, 
iJtC,, and the nitride, LijX. These react with water on 
contact, forming respectively hydrogen, acetylene, CjH„ 
nod ammonia, SHj. Lithium reacts with fluorine and with 
cbiorine violently, and the metal, and its oxide and its 
liydroitide, react with hydrofluoric acid and with hydro- 
chloric acid, in each ease forming the fluoride, LiF, or the 
chloride, LiCl. Lithium colors the Bunaen flame a bright 
crimBon. 

The alkali metala — It is customary and convenient to ! 
clasaify in one group or family those metals which de- 
compose water at ordinary temperature and form soluble 
ciideg and hydroxides, which act as strong bases, and whose 
8»lt8 are generally soluble. They are called the alkalies, 
] Md hthium, sodium, and potassium are the members of the 
poup which are described in this course. The ammonium 
compounds are also classified with these. 
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EI.EMKNTABT PBINCTPI.ES OF CHEMISTR' 
3. GLTICINXTM or BBaTIilUM 



EIA HUtors. — The oxide of 'glacinum was discovered in 17 

raitieral, heryl. but the element wae not seimraUd until 

bj W81iler. It was first naraod ^Jun'rium, signifjiiig' sweet, 

ppopertY of its sails, sdi! loler beri/llium. 

SI 7 Hatnral occurrence. — It is not found free, bat 
in some minerals, purticnlarly beryl, of which em* 
aquHJnarine are varieties. In these it ia corobinj 
oxygen, silicon, anil ttliunlniam. 

ais Preparation. — It is obtained by heating ite ehloi 
godiuni. 

Slu Fropertiea. — It is a white metal. Its melting 
lower thau that of silver. Its specific gravity is 1. 
(Ramsay). When in compact condition, it oiddims 4 
perficially in the heat of the blowpipe. If finely (| 
it burns brilliantly when heat«d in the air. It d| 
decompose water below 100°. Its oxide is GIO, i' 
powder, insoluble in water, which, however, formi 
drcadde with water, G10,H.. The latter is insol 
water, and acts as a base primarily. The metal, the 
and the hydroxide react with hydrochloric acid, 1 
the soluble chloride, GlCl,. They also dissolve in 
and potassium hydroxides, forming gluciniite&, com 
in which glucinnm oxide seems to act as acid to th 
base. Glucinum forms a hydride (GIH?), and 
(GUC,?). 

4. BOBON 



i 



SM ffistonf.—Bonax wiis first separated as an element about 
Gaj-Lussac Thenard. and Sir Humphry Davr. but its 00 
borax '83 known many jfeare earlier. 

821 Hatiml oocairence. — It has not been fonnd naooi 
bat ita oxide, combined with water — that is, borio • 
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cnrs in the water of aome volcanic regions, notably in Tns- 
cany, also as u mineral ; and the sodinm salt of this acid, 
known as borax, ia found abnntlaiitly in California, and is a 
familiar article of commerce. 

Preparation. — Boron is best prepai-ed by heating its 281 
oxide, BjOj, with magnesium, which combines with the 
oxygen and liberates the boron. 

Fropertiefl (according to Moiasan, 1895).* — Thus pre- 8fl^ 
pared, it is a brown amorphous powder, of neither taste 
nor odor, insoluble in all ordinary solvents, and infusible, 
hut probably volatile without fusion in the electric arc. 
Itg specific gravity is 2.45, 

It forms with hydrogen the compound BH^.f Keated SSjl 
in air to 700°, it bums readily, forming the oxide BjOj, 
and in oxygen it bums with intense brilliancy. It com- 
bines directly with fiuorine, with chlorine, and with bro- 
I mine, forming BFj, BCI3, and BBrj ; with carbon, B„C and 
B,0,; with sulphur, B^S^; and with some metals— e. g,, iron, 
BFe, and aluminium and magnesium. At 1230° it combines 
I with nitrogen, forming B^. Above red heat it decomposes 
' water violently. It also removes oxygen from many metal- 
lie osides. Indeed, it is a most active reducing agent. 

Boron oxide, B3O3, is the only compound with oxygen. It US 
is funned by direct union with oxygen, and also by driving 
off the water of boric acid at a red heat. It melts to a 
glsffllike mass, and volatilizes only at the highest tempera- 
ture. It dissolves in water, at the same time combining 
with WHter, forming a hydroxide commonly called boric 
""id. This maybe crystallized from water in white shining 
Bcalea. It is also liberated from the borates by sulphuric 
ot hydrochloric acid. It is soluble in alcohol, and imparts 281 
^ the alcohol flame a characteristic green color. This is a 
Mmmon test for its identification. 

* Annales de Chemie et do Pliysique (7), vi, 1805. 
t Sabatier, CompteB rendus, 1891. 
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227 Boron oxide combineB with water in three proporiionB) I 
forming acida, thus ; 

BA + SHjO ^ HeBsO, = 2H3BO3, named orthoboric acid- 
Bi,Os + HjO = UaBjO, = SHBOj, named metaboric acid. 
2BgOa + HbO = HijB,©!, named tctra or pyroboric acid. 

Borax is the sodium salt of the pyroboric acid, Ns,BiO»» 
crystallizing with lOHcO, and showing a slight alknlin© 
328 reaction. The fused salt, and the boric oxide itself, dis- 
solve many of the metallic oxides, in many instances toma- 
ing transparent glasslike substances of characteristic coiora. 
These are used for identification in the borax-bead teats. 
Borax is nsed also for cleaning metallic surfaces prepara- 
tory to soldering, for glazing porcelain, in the making ot 
glass and of soap, also as a drug, and as an antiseptic— that 
is, as a preventive of putrefaction and fermentation. 

Boron oxide in the compounds mentioned and in others 
clearly acts as an acid-forming oxide. But it seems to b* 
capable of acting also as a feeble base. It reacts with hydro- 
fluoric acid,forming a fluoride, as do metallic oxides, although 
this compound is a gas and readily decomposed by water: 

BjOj + 6HF = SBFg + 3HjO. 

It combines with phosphoric acid, H3PO1, forming a pho*" 
phate, BPO4, in which the boron apparently aets-as a^bw^' 
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Uncombined carbon exists in three allotropic 
diamond, graphite, and amorphous carbon of which cl 
coal is one variety. 

Diamond 
I History, — Diamond, the transparent crystallized form 
carbon, has been known and prized as a gem for agi 
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ras at one time regarded as a variety of rocif crystal I 

silica). Sir Isaac Newton Bnmiised that it might be com- I 

lustihle because of its high refractive power, like that of I 

:iirpeTitine and other substanceB which were knomi to I 

Diirn. In 1(595 two Italians proved the correctness of this I 

Buggeation by burning a diamond in the focus of a power- I 

fnl burning-glass. Later, about 1766, Dorcet showed that I 

when heated in a hermetically sealed vessel the diamond I 

was unchanged. Then Lavoisier, in connection with his I 

famous investigation of combustion, burned the diamond 1 

in a closed vessel with air and proved the formation of I 

carbon dioxide. Then, by the work of several iuvesti- M 

gators, between 1796 and 1800, it was proved that equal 1 

"heights of charcoal, graphite, and diamond gave equal I 

weighta of carbon dioxide. Finally, Sir Humphry Davy, I 

in 1814, using the same burning-glass that was used by I 

the Italians in 1695, showed that no water was produced I 

■n burning diamond, and therefore that this substance I 

contains no hydrogen. He went still further, and, com- I 

Dining with lime the carbon dioxide made by burning dia- I 

"""id, he produced calcium carbonate, which in turn I 

"^ reduced by heating with potassium. This yielded I 

''"Q s black powder which humed like ordinaiy charcoal. I 

i"'3tory according to Eoscoe.) Thus the evidence be- I 

"'Qie complete that diamond is simply pure crystallized -^ 

W'bon. I 
Diamonds have been found in the East Indies, since 286 I 

'^7 in Brazil, and since 1867 in South Africa; to a less I 

^tent elsewhere. Its presence in a meteorite has been I 

oted. I 
Properties, — The diamond is a natural crystal, which, 2HtM 

owever, is cut and poiisbed to serve as a gem. It la trans- I 

•^Pent, sometimes colorless, sometimes tinted green, brown, I 

'^ yellow, sometimes black. Its luster and high refractive 1 

?"^er give it brilliancy as a gem. In hardness it is not ex- I 

B04ed by any known substance, and is equaled by only one I 



or two. Its specifif gravity is 3,5 at leiiat. It is a poor 
conductor of heat and electricity. 
* It may he heated in hydrogen to 1,200°. white heat, 
without change ; but when thus heated in the electric are 
it swells, and becomes black like coke or graphite. When 
heated in oxygen to 700° or 800° it bums, leaving onlys 
minute ash. It reacts with no substances at ordinary tem- 
perature, and even at high temperature with only a few. 
Heated to 1,000", it is acted upon by sulphur, giving carbon 
disulphide ; also by sodium or potassium carbonate, giving 
carbon monoxide. Melted iron and melted platinnm dis- 
solve it and combine with it, and on cooling give it np as , 
graphite (according to Moissan, 1896). 

Sin Dm*. — Some o( the most ranious diamonds of the world are in the 
pOfsessioD of states or sovereigns, Tb« Rp^nt diamoDd weighs 1^ 
carets, or About 27.9 grams (a carat equals 0,305 o[ n gram), and is ?Bln«l 
at t625,000, DinmoDds of inferior quality are used lo out aD<l polish 
diamonds and other gems, and as points of tools for boring rocks and 
for catting glass. 

240 Carbonado and anthraciliv diamond are forme of impm"* 
carbon, approaching the diamond in properties, but of !e^^ 
density and hardness than the true diamond. 
I Artificial diamond. — Of the many who have attempts* 
to prepare the real diamond artificially, lloissan was tk» * 
first to succeed and to prove his success beyond questio*^' 
The account of this work was published in 1896. His pr** 
cedure was to saturate molten iron {silver also was used i* 
place of iron) with pure carbon in the electric fnmace^*' 
the enormous temperature of about Sj.SOO", which great13 
increases the solvent power. This ma^ was then snddeiulJ 
cooled by plunging it into water, or sometimes into melt^»* 
lead whose temperature was about 335°. Under these ew**' 
ditions a solid crust is formed while the interior is stiU 
molten, and as iron expands on solidih-ing, the liquid po*" 
tion is thus put tinder great pressure. When snfficient'y 
cool, the metal and the excess of carbon (now graphite) v9f^ 



dissolved by reagents, and minute erystalB or crystalline 
fragments were obtained, which were sometimes black, 
sometimes transparent, had the hardness and specific grav- 
ity of the diamond, and consisted of pure carbon, in fact 
were minute but real diamonds. The great pressure was 
found to bo an essential oondltion, and without it the car- 
bon appeared simply as graphite. 

One of hia samples measured 0.57 mm., and among them 2^ 
were reproduced many of the peculiar features seen i 
natural diamonds. The remarkable results of Moissan's e: 
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S.— Oue form of llie eleelrii' fiiriiiU'e lor rtiuaruh wurk ; e aud e', tbe 
which tlie current cDUTa and leaves; b, the crucible tu whioli 
nuiterial ia heatisd' by the arc ; thi: sides are flgnred open in orfur 
■how the armugemetit. 



P^^ments give mnch force to his suggestion that the natural 
ai&iQond has probably been formed in the deeper layers of 
tne earth's crust, where enormous pressure exists, and that 
!*■ Is not unlikely that iron may have been the solvent, la- 
^eed, minute transparent diamonds have been found in the 
Uldet of meteoric masses of iron. 



;ntary pRiscrpLEs op chemistry 

Graph He 

843 Graphite, the second allotropic form of carbon, called » 1 
alBO plumbiigo and black lead, is found in considerable qnan- 
tities and in many places, notably in England, Bohemia* 
Siberia, Ceylon, California, MagaaohuBetts, Xew York, ami- 
Michigan. Its presence in meteoric iron has been noted. 

f44 It exists in crystallized condition. In color it is llacl^^ 
or grayish black, and sometimes of almost metallic Inaki— — 
It is so soft that it makes a black mark on paper and leave^^ 
a stain on the finger, and it is soapy to the touch. It differ^^ 
from the diamond In lower specific gravity, about 2.0-2.ffi" . 
and in igniting in oxygen below 700°; also in yielding t^^ 
oxidation by a mixture of strong nitric acid and potasBiuu^Ba 
chlorate, whereby a colored, green or yellow, (.■rystaUin'^^ 
oxide is obtained. It is also a good conductor of heat an g~^ 
of electricity. At low-red heat it does not decompose wate ' 
nor oxidize in air. Natural graphite leaves more ash tliB^^"i 
diamond. 

SU It is made artificially by heating diamond, or the mm- 7 
varieties of charcoal, trfthe high temperature of the eleetri- — ^ 
arc ; also by dissolving carbon in many of the metal^^^ 
melted at a high temperature. When the metal cools, th ^ 
graphite separates in crystals. 

S16 Uie*. — The siibstaiicB finds use as material for^rucibies in whiis^ ^ 
metals are melted, both on a, large and a small scale ; as material fi— -^' 
which the so-called lead c)f ]jencilB is made, whence its name aignifjii^ £ 
to trriU : u conducting miiterial in the process of electroplating; •c:»-* 
as Inbticant. 

Carbon as C'oniftUuent 
Besides diamond and graphite, the native forma of t&* 
element, carbon as a constituent is found in the air and ^"^ 
natural waters as carbon dioxide; in all the_j^arbonat^*' 
auch as marble, limestone, chalk ; in petroleum and *" 
" natural gas " ; as the fundamental constituent of all pl**^ 
and animal structures ; and in all varieties of coal. 
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r Amorphous Carbon 

Preparation.— From the fully oxidized compoundB of 248 
rboii — that is, carboa dioxide and the carbon at es^carbon 
n be obtained only by removing the oxygen with which it 
combined. This may be done by heating with such sub- 
meea as boron and magnesium. From substances of 
int and of animal origin, in which it is combined with 
drogen, and often with oxygen and nitrogen, but in which 
8 not fully oxidized, it is obtained generally by charring 
by dry distillation — that is, by heating without snfficient 
to cause complete combustion. The constituent hydro- 249 
I bums the more easily ; therefore the carbon predomi- 
ea in the residne. The varieties of carbon thus obtained 
•end on the various sources and tho methods of niaking. 
ey are all quite impure as commercial articles, but they are 
fe in being soft, amorphous, black or brown, of specific 
vity less than 3.0 ; easily oxidized by nitric and chromic 
is; and some of them take fire in oxygen as low as 375°. 
JMinpblnck is one of the purest varieties. It is the black 350 
►osit familiarly known as soot, from the flame of carbon- 
■taining fuel, made smoky by incomplete combustion. 
8 used in making inks and paints. 

Gas carbon is deposited from the gases in the retorts in 351 
ich illuminating gas is made. It is harder and denser, 
I, being a good conductor, has been used in making 
t«ry plates and the poles of electric lamps. 

Jione black or animal charcoal is the residue obtained 252 
charring bone, blood, and other refuse of animal origin. 
is very porous and absorptive, and is used largely to 
solorize sirups in angar refining. 

Colce is the solid residue from the distillation of coal 25S 
ii used extensively as fuel, especially in obtaining metals 
their oxides. 
i charcoal is the solid residue from the distillation 264 
When wood is heated to high temperature with 
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little or no air present, water is eliminated, also a gaseous 
mixtnre which hurng with Inminons flanie and contains car- 
bon and hydrogen ; a Uqaid abo is obtained which has acid 
reaction, and contains creosote and other tarlike substances 
of which carbon is a conatituent. The greater part of the 
carbon, a little of the hydrogen, and aU of the ash are left 
254/1 in the solid reaidue, which la charcoal. This retains, more 
or less, the structure of the wood : is black or brown, soft, 

t brittle, and very porous and absorptive. It floats on water 
only until the air is expelled from its pores. Its properties 
vary considerably with the kind of wood and the tempera- 
ture of distillation. It is able to absorb from 90 to 170 
S&o timea its own volume of ammonia gas, abont 50 vol- 
umes of hydrogen sulphide, from 10 to 18 volumes of 
oxygen, etc. This property leads to its use for the pni- 
pose of absorbing the offensive and harmful gases whicli 
aceonipany putrefaction, also to purify the air in the sick- 
room, etc. By virtue of the same property, it remorfiB 
255/1 many substances from solution, and hence its extemiye 
uae as filtering material — e. g., to remove the coloring 

i matter from sirups on a large scale ; also, to filter water 
for drinking. In some instances it seems to absorb phy»- I 
ically, and the substances may be recovered from the 1 
charcoal ; in others it brings about chemical changes witbii^ i 
its pores, especially oxidation. Thus, when used as filter- 
ing material, it loses its effectiveness in time, and this DOO-J 
be restored by esposure to air, which renews ita supply *** 
absorbed oxygen. 
Common Properties 

868 It is seen, therefore, that the element carbon, as to m***? 
of its properties, varies in a most remarkable manner in *** 
different conditions. In all its forms it was regarded ^ 
entirely infuaible and non-volatile until ^lotssan short'^" 
that at the highest temperature of the electric furn***'* 
^_ (3,600°) it volatilizes without melting, and condenaea Sh 
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OP ELEMENTS AND COMPOUNDS lof 

faphite. It is insoluble in all ordinary solvents, but dis- 
Jlves in many of the metala which melt at high tempera- 
are. 

In its chemical reactions also carbon ia most remarkable. 257 -] 
it ordinary temperature it is almoet completely inactive, 
althoagh in amorphouB condition it does yield to powerful 
usidizing agents below 100°. It muat bu heated to several 
liuadred degrees before it combines with the oxygen of air, 
f'DI when heated it is able to take oxygen from many com- 
lioimda. This leads to the use of charcoal and coke on an 
'Qormoi^ scale in the indostrial processes of obtaining the 
"etols from their native oxides (i. e., metallurgy). 

In the high temperature of the electric arc, carbon com- i&9 J 
inea directly with hyBrogen, forming acetylene, CjHj. It 
<Ttns innumerable other compounds with hydrogen, but 
it by direct action between the two elements. It also 
'Dibines at high temperature with lithium, forming a 
y etaUizable compound, LijCs ; likewise with many other 
etals — e. g., sodium, potassium, magnesium, and calcium, 
r-ming also carbideg ; with boron, forming BgC, crystalline, 
»d rivaling the diamond in hardneaa ; with nitrogen, form- 
g the intensely poisonous cyanogen, CjNb ; with fluorine ; 
ith chlorine, CCl,; with silicon, forraing'rarfiorwjidwwi, 
Si, very hard and used like emery in grinding and polish- 
ig; and with sulphur, CSj- 



^Sa. Carbon Dioxide, C'Oi 
.-—Van nclnioDl: (15T7-1S44} noted that a substance which S6S J 
"gas sylTester" was produced by fBrmentution, bj decay, 
ibnstion, and was found in certain natural caves. He ob- 
tainri it by the action of acids on carbonates, and obsorved that it snf- 
located unimals and extin^ished Bame. Black (IT3S) called it "fixed 
nir." Bergmann studied it in 1 774. and named it " acid of air." Bnt 
Lavoisier flrst expliiiopd its chemical relationship (Roscoe). 

JTatural oconrrence.— It is a normal constituent of the i 
lOBpliere to the extent of about 4 volumes in 10,000. It 
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is a product of ordinary combustion, of the reBpiration of 
animals, of fermentations, anil of organic decay. It issaes 
from the earth iu some volcanic regions, and is diaaolTed 
in most miturul waters. As a constituent of carbonates it 
occurs abundantly in the soil and in extensive layers of the 
earth's crust. 

Preparation. — It is commonly prepared by the action a( 
acids on carbonates, or by decomposing calcium earbonste 
by heat, or by burning carbonaceous matter. 
! Propertie&^It is a gas at ordinary temperature, without 
color, and with little, if any, odor. It is one and a half 
times heavier than air, and twenty-two tim6a heavier than 
hydrogen. At normal pressure and at 20°, 100 volumes of 
water dissolve about 90 volumes of the gas. The quantity 
dissolved is greatly increased by pressure, but when the 
pressure is removed the gas escapes with effervescence. It 
condenses at 10°, under a pressure of about 36 atmospheres, 
to a clear, colorless liquid, whose boiling point is —78°, 
and freezing point nearly tlie same. It freezes by its oirn 
evaporation to a white, snowlike solid. Liquid carbon lii- 
oxide, stored in strong iron cylinders, has become a com- 
mercial article. 

Carbon dioxide is not combustible, and it extinguisheB 
all ordinary combustion and destroys animal life. A fe* 
substances — boron, sodium, potassium, and magnesiuin— 
when heated, bum iu it, depriving it of its oxygen. Bed- 
hot carbon also decomposes it, forming carbon monosidei 
and it is partly decomposed into this substance and oxygen 
by a temperature of 1,300°. A candle ceases to bum in 
air containing 4 per cent of carbon dioxide, although the 
oxygen is far from exhausted. An animal can tolerate 
such air for only a short time ; hence the method of test- 
ing by a lighted candle the air of wells, caves, mines, oT 
similar places where the gas may accumulate by reason o£ 
its high specific gravity. Fatal accidents have happened 
from failure to take precautions before entering Buob 
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aces. Miners, who have froquontly to encounter it, call 
" choke damp." Air containing so little aa 0.3 per cent 
I Baid to have injurioua effect if long respired. 

In diHsolving in water the gaa probably combines with i 
t to slight extent, forming dilute carbonic add, since the 
loiution feebly reddens litmns, whereas the dry gaa does 
Qot. The acid is very unstable, however, easily changing 
into the original constituents ; but if a soluble base is pres- 
ent the salt is formed, and this is quite stable. The salts 
are called nnrbonates, and their composition implies an acid S 
of the formula HaCOj. Those of the alkali bases, like 
sodium carbonate, are soluble. The others are generally 
insolnbie. Upon this fact depends the usual teat for car- 
bon dioxide, namely, the turbidity produced in lime-water 
(calcium hydroxide). 

Eelation to life. — In relation to living things, carbon S 
dioiide plays a most important part. As has been already 
stated, carbon ib the fundamental element of both the plant 
ftnd the animal organism. The carbon dioxide of tlie at- 
mosphere constitutes an essential food of plants. From 
thia and water it builds up much the greater portion of its 
Bubatanee. Absorbing the gas by the extensive surface of 
iU leaves and other green parts, and aided by the energy of 
BQnhght, associated in some way with the green coloring 
"Mitter of the leaves (called chlorophyll), the plant is able to 
feniOYe a part of the oxygen, rejects it, as it were, and 
passes back to the atmosphere a quantity of it nearly equal 
to that contained in the carbon dioxide absorbed. From the 
fesidae it builds up the wood, starch, sugar, and many other S 
liliBtances which constitute its entirety. Upon these, or a 
purt of them, the animal depends for his food, consuming 
some, snch as starch and sugar, and from them not only 
building his body substance, but deriving his energy by the 
fi^iemical changes which they undergo. These changes re- 
>ult ultimately in the complete oxidation of a part of the 
^^ion to carbon dioxide and the rejection of this from the 



tuBga as a waat* product, whicb is thus retnrned to the at- 
mosphere to serve aguin as food for the plant. In addition 
I to tliis, man utilizes the deoxidized carbon of the plant in 
the form of wood, or, as will be seen later, in the form of 
coal, as the chief, practically the only, source of artificial 
heat, and hence of- the mechanical energy which ia depend- 
ent on it. One of the marvelonsly delicate adjoBtmenta of 
nature is seen in the fact that the proportion of carbon diox- 
ide in the atmosphere, considering it as a whole, has not ap- 
preciably changed within the history of observation, and prob- 
ably not during the existence of the human race ; and this, 
in spite of the immense quantities of the substance thrown 
into the air by respiration, by combustion, and by decay, anil 
drawn out of it and stored up in the enormous mass of plant 
products. 

5b. Tlie Carbonates 

I The carboDuteB occur frequeutly and abaudautlj »» 
minerals — e. g., iron carbonate, magnesium carbonate, and, 
most abnndant of all, calcium carbonate in its seyeral varie- 
ties, namely, chalk, limestone, marble, and calcite. Sodium 
carbonate and potassium carbonate are manufactured and 
used in large quantities. 

I The carbonates in some instances are formed by tb6 
combination on contact of carbon dioxide and basic hydrox- 
ides. The formation of sodium carbonate and calcium CiT- 
bonate in this way has already been cited. Calcium oiiic* 
CaO, and one or two other oxides combme directly witJ' 
carbon dioxide, liberating much heat. Non-alkali carboD- 
ates, being insoluble, are precipitated, if they form at all, by 
mixing solutions of non-alkali salts and alkali carbonates* 
Some bases, however — e. g., aluminium hydroxide — do no* 
combine with carbonic acid in the presence of water. 

There are two types of carbonates — those in which th® 
metal has displaced the whole of the acid hydrogen, aa^ 
those in which only one half is displaced. The first ar* 
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e normal, the second, the acid carbonates. Of the flrst 
type are Bodium carbonate, NajCOj, and calcium carbon- 
ate, CaCOj ; of tlie second is sodium acid carbonate, or bi- 
carbonate, NaHCOs. The acid carbonates of the alkalies 
only are well defined. The acid carbonates of calcium, 
magnesium, iron, and others are supposed to be formed 
when the normal carBonates are dissolved by excess of car- 
bon dioxide, but they decompose so easily that they can 
not be obtained out of solution, and heating the latter 
caaaes the precipitation of the normal carbonates. 

5c. Carbon Monoxide, CO 

I This, the second of the two oxides of carbon, is produced S 
■ in circumstances which do not permit tlie complete oxidation 
Iirf carbon — -e. g., insufficiency of oxygen ; also when carbon 
nioxide pusses over red-hoi carbon or metals. It is a gas 
fcithout odor or color. Its specific gravity (H — 1) is 13.93, 
^Harly the same as air. One hundred volumes of water die- 
^Bt« only about two of the gas. Under great pressure and 
Ht temperature it condenses to a liquid which boils at 
H^J90° and freezes to a white solid at —199°. It bums 
HKh a pale-blue flame to carbon dioxide. The flickering 378 
^nle Same that is frecpiently seen over a bed of glowing 
^Bds is due to this substance, formed from the dioxide 
Braieli passes upward through the hot mass, is deoxidized, 
Bid bums as the monoMide when it comes to abundant air. 
^pe monoxide has no action on litmus, and forms no acid 
Kith water. It is intensely poisonous, combining with one 
Bf tbe constituents of the blood, and fatally modifying its 
pBOnnttl action. The not infrequent deaths through expo- 
Bare to the gas from coal stoves and furnaces are due to this 
Wbatnnce, which is the more dangerous from the fact that 
't has no odor and its stupefying effects give no alarm. 
B*we per cent in the air may cause death (Parkes). It is 
HjNHnt in common illuminating gas. 
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5d. The Ili/dromrbons 

274 Thia ia the name applied to the componude of carbon 
and hydrogen. They are many in number and varied in 
kinii, and reveal another remarkable property of this ele- 
ment, carbon. 

275 Uethane Is the aimplest of the group j its formula is 
CHj. It occurs, first, ae a product of the decay of plant Bnb- 
stances — ^for example, in atagnant water and marshes, where 
bubbles of gas may be seen coming to the surface, or may 
be caused to rise in quantity by stirring the sediment at 
the bottom (whence its name " marsh-gas " ) ; second, in 
coal mines, where it ia known aa '* fire-damp," and canses 
many terrible explosions ; third, associated with petroleom, 
and as the chief constituent of the so-called " natural gas." 
As an artificial product, it is the larger part of the gas pro- 
duced in the distillation of wood and of coal — i. e,, illumi- 
nating gas. For laboratory purposes it ia conTenientlj 

276 prepared by the dry distillation of sodium acetate miieii 
with a strong base such as lime. It is formed also by the 
action of water or acids on some of the metallic carbides, at 
ordinary temperature ; for example, aluminium carbide, thus, 

C3AI4 + l^H^O = 3CH4 + 2Als(0H), ; 

also by the reaction which ia expressed in the folloffing 
equation : 

2HeS + CS» + 8Cu (red hot) = CH4 -f iCuaS. 

8J7 Methane is a gas without color or odor, and nearly in- 
soluble in water. Its specific gravity is 7.96 (H = 1). It 
condenses to a liquid which boils at —164°, and solidifirt 
at about —180°. It bnrna with a pale, almost non-luiuinons 
flame to carbon dioxide and water. 

278 Closely allied with methane are ethane, propane, snJ 
hutane, which have the formulas, respectively, CeHb, C3H11 
and CjHio. In composition they differ from each other bj 
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J constant difference CHj. SubetaEces thus differing in 
mposition' and posBCSsing a family or group resemblance 
properties are said to be homologous, and the series is 
lied a homologous series. The one of which metliane is 
e first member is called the paraffin series. They may be 
presented by the general formula CnH(fe.+ jj. One is known 

which « = 60, As the proportion of carbon increases 
lyond M = 4 they become liquids, and finally solids at 
■dinary temperature. 

Ethylene, CgH,, is the first member of a second series of 2^9 I 
fdrocarboTis known as the ethylene or ol^n series. It, 1 

10, is a product in the dry distillation of wood and coal. 
, is also formed by the action of acids on some of the ' 

letallic carbides, and in the laboratory usually by heating 
mixture of strong sulphuric acid and alcohol. It is a 
ilorless gas, almost insoluble, condensable to a liquid which 
oils at —105°. It bums with a bright flame, and is the 
hief light-giving constituent of illuminating gas. Others 
f the series are propylene, CgHa, and btilylene, C,Hh. Their j 

eneral formula is CbHsi, and the increment of composition 
1 CHj, as in the parafBns. 

Acetylene, CbHs, is the first member of the third series, 280 
ml is of special interest. Reference has already been 
Hade to the fact that this substance is produced by the 
irect union of the elements at the temperature of the elec- 
ric arc, and that it is endothermic {see Nos. 54 and 58, Part 
),with a heat of formation of —47,600 calories. It occurs 
Jbo as a product of the distillation of wood and coal, and 
iBBoe in coal gas. It is formed, too, when coal gae burns 
fith insufficient air ; thus when the gas becomes ignited at 
he base of the Bunsen bunier the odor, very quickly noted, , 

sthat of acetylene. Another method of making it which 
las attracted much attention of late is by the action of water 
'H the carbides of such metals as have a strotig tendency to 
leiM on the oxygen of water, particularly calcium carbide, 
^L. This substance is produced by the .reaction of lime, 
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CaO, and charcoal at a verj high temperature, wliich hw 
become easily available since the introduction of the elef- 
tric arc for heating. When calcium carbide and water m 
brought in contact at ordinary temperature, reaction takes 
place as expreaeed in the equfition 

CaC, + HeO = CaO + CgH«. 

The carbide has become a commercial article, and compais- 
tively cheap, and it ia proposed to supply it as a source for 
Uluminating gas. It has also been proposed to supply the 
gas itself under pressure in transportable tanks. 

Acetylene is a gas without color, but of marked and 
peculiar odor. It is soluble in its own volume of water. 
Its specific gravity is 13.1 (Moissan). It liquefies under » 
pressure of forty-eight atmospheres at 0°. It is poisonoas if 
inhaled in considerable quantity. Accompanying its eudo- 
thermic character is its high chemical activity. Brought 
in contact with a solution of silver salt, it yields a white 
precipitate, and with cuprous salt a red precipitate — a good 
qualitative test. These substances have the composition 
AgjCj and Cu^Cb respectively, yield acetylene by tr^ 
m.ent with acid, and when dry, are very explosive. AcetJ- 
lene, when pure and burned freely in the air, shows a lami- 
nous but smoky flame; but when mixed with air in a suit- 
able burner, it yields a very brilliant white light. The 
heat given out by the combustion of carbon and hydrogsf 
is of course greatly increased by the decomposition heat of 
281/1 acetylene. Indeed, the gas itself may be explosive under 
certain conditions ; for whatever would cause its decompo- 
sition into carbon and hydrogen would cause a suddW 
liberation of energy, although the volume of gas produced 
would not exceed" the original volume. Under atmospheric 
pressure it does not readily explode, and only by detonation; 
but under twice the atmospheric pressure it may he vio- 
lently exploded. In England it is reckoned as subject to 
the law concerning explosives, if under a pressure of more 
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.05 atmospheres (i. e., atmospheric pressure plus about 
lea of water column) ; similarly in Germany, if under 
iura of more thau 1.1 atmospheres ; and in France, if 

than 1.5 atmospheres.* 
.other peculiar feature of its chemical activity is its i 
perty of combining with itself, which is provoked simply 
heating, and results in the formation of two volumes of 
izene, C6llB,from six volumes of acetylene. This is called 
ymerimtion (see Noa, 85/,, 86, and 179, Part I). Acet- 
ne eomhines also with hydrogen, forming ethylene, 
!(, and ethane, CjHj. There are only a few homologuea 
jKsetylene known. Their general formula is C,H|ft._^. 
hie other series should be mentioned, although it does I 
by any means exhaust the list. This is the series of 
% the first member is be7izene, CeHg, and the second 
fte, C)Hg. Thoir general formula is C.H,„_,j. They 
jerived from coal tar, and have a large industrial 
rtance. Benzene is a clear, oil-like liquid, of boiling 
80.5*. 

ije hydrocarbons, therefore, are extremely numerous i 

1 themselves highly interesting substances. But more 

this, they are the parent substances, so to speak, from 

1 are derived, by definition at least, the almost innu- 

ble substances called organic ; so called because it was 

Wly thought that their production was dependent on 

energy. This conception having changed, they are 

Imore fitly designated as the hydrocarbons and their 

ivativee, and they constitute the subject-matter of " Or- 

lic Chemistry." This branch la so extensive that its 

itnre is more voluminous than that of all the rest of 

;ry put together. 

5e. Flame 
a Nofl. 284-992, Part II. 

• Chemical News, October 8, 1897. 
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6f. Fetrolmm 

t Petrolouiti U a, liquid mineral which i« 

brought to the Burfaco by boring, in many parta o( the worii Ths 
most important sources are in PennsjWania, New York, Ohio, ffea 
Virginia, aud Home other districts in this country ; in Ontario, Canada; 
in Russia, on the Cuspiau; in Burinah, India, and Japan. CioBelyn- 
lated to petroleum is the natural gas which likewise issues from tiii 
earth. '"Burning springs, as they have been termed, hare been 
known from the earliest historical times. Those of Baku, on tbt 
Caspian, are supposed to have been burning as early as the sixth cen- 
tury B. c, and to have been u saered shrine at the Persian ftra-wor- 
shipers. The Chinese have employed natural gas for centorios in 
their salt mines as u source of light. In the United States it wai 
ployed in 1821 at Fredouia, New York, for illuminating purposesj 
for fifty years past it has serveil as the fuel for ^e evaporation of b 
at the salt-wells of the Kanawha Valley, West Virginia." (SadtoJ 
Natural gas to the extent of about ninety per cent is made 
methane and a small quantity of one or two of its hoinologues. 

t Crude petroleum varies somewhat in character. That of Pannq'l- 
vania is generally dark, greenish black in eolor, and red by transnllUi- 
light. It is lighter than water, and. is esaentially a mixture of pawffli 
hydrocarbons, some of the gaseous members and some of the solid 
dissolved in the liquid. Its refining consists of distilktioD and Uah 
ment with sulphuric acid, and sometimes dilute alkali 
snlffitances which are objectionuble by reason of their odor, aud ffhiA 
frequently contain sulphur. The piijducts of petroleum eome iifli 
e under various names, the following among thera: 



Below Ci . Cymopene 

Ck Rhigolene 

Cn Petroleum ether. 

C*-, Gasolene 

0,.^ Naphtha, or li- 

groine 

Ciu Benzine 

Cio_ii Kerosene 



Manufacture of ice. 
Anaisthetic in medicine. 
As a solvenland in gas-msliilf' 
As a sol vent and in gas-makiiit 

As a solvent and as fuel 
Asa solvent. 
Illuminating oil. 



29S Other liquid portions find use as lubricating oils; and thesolidsol 



lowest melting pc)int, 40°-50°, 
melting point from Sl'i-OT", 



I. appear as va^liue; and « 
Its the white paraffin whicli ' 
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.miliar in the laboratory. The latter is used largely in candle-making, 
i finishing calicoes and similar goods to give a luster to the -surface, 
I waterproofing paper, in making Swedish matches, and in extracting 
erf umes from lowers. (Mostly according to Sadtler.) 

The presence in kerosene of the easily volatile and inflammable 296 
aembers of the series must make its use as an illuminating oil more or 
ess dangerous. The public is protected in many countries by legisla- 
ion making it unlawful to sell for such purpose an oil which, below a 
;pecified temperature, gives off vapor enough to be ignited. This tem- 
aerature is called the flashing pointy and it is determined for a given 
sample by heating in a suitable vessel until by trial the vapor above 
the liquid inflames with a match, when the temperature is noted. In 
many of the states the flashing point is fixed at 44** (111° F.); in some 
as high as eSi** (150° F.). 

There has been much speculation as to how petroleum has been 297 
produced in nature. Mendeleeff has suggested that it is by the action 
of water penetrating from the surface and coming in contact with 
metallic carbides at great depth. This is rendered probable by the fact 
that carbides are made artificially at very high temperature, and that 
some of them react with water, yielding hydrocarbons. 



6g. Coal 

When wood and similar plant substances decay without free access 298 
of air, chemical changes take place by which methane and carbon 
dioxide are separated, and at the same time the residue contains a 
larger proportion of carbon. This is somewhat similar in effect to the 
change produced more rapidly in the charring by heat. The process 
of decay is seen going on in the accumulations of vegetable matter in 
swamps and at the bottom of shallow pools as already suggested in 
another connection ; also in the vegetable mold of leaves close to the" 
surface of the ground in the woods. In some places this material has 
accumulated so that it can be removed like a thick turf, and it is used 
'^ a poor kind of fuel, known as peat or ttirf. By some such process 299 
^ this, lasting through ages and modified by heat and pressure, it is 
supposed that the accumulated vegetation of a period before the appear- 
ance of man on the earth, whenj)lant growth was more abundant than 
now, has been converted into beds of coal. These have become very 
valuable as a store of fuel, and hence of energy, and very essential 
to the life and activities of the present. Ligriite is a variety of coal 
^hich still shows traces of the woody structure, and hence is of the 
Daore recent formation, bituminous or soft coal has lost the plant 
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'"arc-:-. :hr:.;j:i ' 



11 <Mr.:Ain« zcach hTdrogeiif and hence yields TolatilB 
r. &ni b::rri5 with a fUme. From sach coal illa- 
nii'ie r-T di5:ilIauoD. Amthraciie is harder, denser, 
r. &:: 1 burri? with little or no flame. Its content of 
. &r.i :: xniist be the oldest in order of formation. 
!:: : : hive r<a^?ed almost into graphite. The follow- 
ita^r o::ni*:<:tion shows the gradual accumulation of 
e?^ r«rr] >U of transformation: 



C 
W :- .1 50 

Pea: W 

L-rnite 70 

Bitumin: i- S?? 

An:hrao::e ^ 

Chareia: 96 

rharo : al 75 



H 

6.0 
5.9 
5.0 
5.6 
3.4 

0.6 Made at white heat (1,500"). 
4.4 Madeat340^ 



5h. Coal Gas 

301 '^^•^ :rr.p:-r:an: industry of making illuminating gas from coal 
or:g:r.&:--:i ^::h a Scotch man. William Murdoch. In 1798 a factory 
xa^ V.z'i-'.^i Tw L:« pro-oess. Gas was used for street lighting in Lon- 
(\.'. ir. ^.S:2. a:. I in Paris ab-:ut 1S15. The process of manufacture in 
hri^f r.-'. :>:-*- of h-E-atins: bituminous coal to a high temperature in 
YHy,T\^ if :r r. ■■r fire clay. The gas is cooled and passed through 
'K'a*er. :,y "R.'.iih tar i? dep^.-sited and the ammoYiia which comes from 
the r.i'.roi'-.-ri •A -.he coal is removed. This constitutes the chief com- 
rr. f; rr .' a i ^ , • i rrr-r ■. f a m m -rn ;a. From the remaining gas such impurities as 
hvdn ;:'::- -ulphi'l..-. carbon disulphide. and carbon dioxide are removed 
by *.:.i: ix'jicrj-y of slakf-rl lime or iron hydroxide. The general oomposi- 
OjU of p:^ rifled gas is shown in the following percentages (Sadtlef): 

802 Hydrogen 37.97 

Methane 39.87 

^'arhon monoxide 3.97 

Oiefjns and other heaw hvdrocarbons 4.29 

Nitrogen 9.99 

Ox vfren 0. 61 

^'arbon dioxide 0.41 

The solid residue of the retorts is coke. From the coal tar, sab- 
stances of great variety are obtained — such as benzene and its homo- 
logues, carbolic acid. na[ihthalene. pitch, and many others. 
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6i. Destructive Distillation of Wood 

Closely analogous to the distillation of coal is that of wood, which 808 
as come to be a considerable industry. The primitive and crude 
lethod of charring wood in pits and mounds was for the charcoal 
►nly. Improved methods have produced valuable material from the 
^eous and liquid portions .formerly wasted. Heated below 150", 
wood loses water only — from 20 to 50 per cent, according to the variety. 
From 150" to 380° the dry wood loses about 64 per cent of its weight in 
volatile products ; from 280° to 350° it loses about 6.5 per cent ; from 
850" to 430°, about 10 per cent; from 430^ to 1,500% only about 2 per 
cent; so that the yield of charcoal varies from 18 to 20 per cent. 
From the d||tillate between 150" and 280*^ are obtained pyroligneous 804 
Mid or wood vinegar (a crude acetic acid) ; wood naphtha, or wood 
ftlcohoi, which is impure methyl alcohol, CU4O, a substance homologous 
with oocqmon alcohol, CaH^O, and very similar to it ; and wood creo- 
sote. The distillate between 280'' and 350° is mostly gaseous hydro- 
Ctfbinu,' and that from 350° to 430° liquid and solid hydrocarbons. 
The yield of charcoal is greater from slow heating than from quick; 
it is sometimes more than 80 per cent of the dried wood. Besides the 
charooftlythe chief commercial* products obtained after various purifica- 805 
tions are acetic acid and acetates — e. g., of iron, calcium, and sodium, 
which have uses especially in the dyeing industries ; methyl alcohol, or 
wood spirit, used as a solvent in making varnishes, etc., and in making 
ftoiline dyestnfls ; acetone, used especially as a solvent ; and creosote, 
lued as an antiseptic or preservative. (Sad tier.) 

6. NITBGGEN 

N.— 18.98 

History. — Rutherford and Priestley in 1772 had under investigation 80B 
*hat was later recognized iw nitrogen, but Lavoisier was the first to 
'how the elementary nature of the substance and its true relation to the 
atmosphere. He also named it azote^ and it still goes by this name in 
^fench literature. The name nitrogen comes from nitrum or wt7er,the 
^mmon name for potassium nitrate. 

Vatnral oocnrrenoe. — Nitrogen exists unoombined in the 807 
atmosphere, of which it forms about four fifths in volume. 
ft is a constituent of nitric acid and its salts, also of am- 
iiionia and its salts, and of many organic substances. In- 
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deed, it plays an important part in the life of both plant tmi 
animal, and is an essential element in their food, 
I Preparation.— The common source of nitrogen is air, 
from which the oxygen may be removed by aome stronglj 
combustible anbstance like phoaphorufl, or oven by red-hoi 
copper ; and copper phavings moistened with ammonium 
hydroxide absorb oxygen at ordinary temperature. Other 
methods of preparing are interesting simply as chemical 
reactions. Thus, by heating a concentrated solntioK of 
ammonium nitrite, the reaction expressed by the following 
equation takes place : 

(1) NH^NOe = 2N + 2HgO. 

Also, by remoying the hydrogen from ammonia, min- 
gen is liberated : 

(2) NHa + 3C1 = N + 3HC1. 

I FropertieB, — Nitrogen is a gas without color or odov, of 
specific gravity a little leas than that of air. One hundred 
volumes of water dissolve only one and a half of the gas it 
ordinary temperature. It is condensable to a liquid whicli 
is lighter than water and which boils at — 194° and solidi- 
fies at -314°. 

I It has no action on litmus, is neither combustible nor* 
supporter of combustion, is not poisonous, but is incapable 
of Buatatning life.' Its chemical inertia is its most strii- 
ing characteristic, as under ordinary circumstances it reacts 
with nothing ; yet its compounds are numerous and variei 
and among the most interesting. At red heat it combine* 
directly with boron, magnesium, silicon, titanium, and vana- 
dium, forming stable compounds. Under the influence d 
electric discbarge nitrogen combines with oxygen, also with 
hydrogen, so that nitric acid and ammonia are formed i" 
small quantities during thunderstorms and are washed do*" 
in the rain. In the presence of alkali carbonate it combinw 
with red-hot carbon, forming cyanogen, CjNj. Under silent 
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lectric discharge it combines with some organic Bubatancea 
ike celluIoBe (filter paper), glucose (a kind of sugar), and 
wnzene. 

In combination with oxygen it forms a series of fire 811-fl 
oxideB, a moat remarkable instance of multiple proportions. 
Tbe names and formulas of the oxides arc as follows : 

(1) NgO, nitrogen monoxide, or nitrous oxide. 

(3) NO, nitrogen dioxide, or nitric oxide, 

R3) NjOj, nitrogen trioside, or nitrous anhydride, 
i) NjO^, nitrogen tetroxide. 
5) NjOj, nitrogen pentoxide, or nitric anhydride. 
I Of these, the first, third, and fifth are acid-forming ox- 
ides ; the second and fourth are neutral oxides. 



6a. Nitrogen Monoxide, NgO 



i!hi8 gas was discovered by Priestley in 1776. It is not 312 \ 
d as a natural substance. It is formed to some extent 
Dy the action of nitric acid on metals, particularly at a low 
temperature and when the acid is dilute ; but it is best made 
by heating the dry salt, ammonium nitrate, when the reac- 
tion expressed by the following equation takes place : 

NH4N03 = XsO + 2H,0. 
This reaction is exothermic, liberating 31,000 calories. 

Xitrogen monoxide is a gas without color, but with a 318 
Blight odor and taste. One hundred volumes of water at 
ordinary temperature dissolve about seventy volumes of 
tile gas. Its specific gravity is about one and a half times 
that of air — i. e., 31.99 (H = 1). It is condensable to a 
liquid, which boils at about — 90° and freezes at about 
-100°. The gaa has no action on litmus, although when 814 j 
combined with water it forms hyponitrous acid, which, how- 
6rer, is very unstable. Tbe freezing-point method {see Nos. 
Ill and 155) indicates the formula 

HaO-XaO, or H^NA. 



The sodium, potassium, and silver hypouitrites are known, 
and have the formulas, respectively, X a jXjOg, KaNgOi, aod 
AggNgOg. The gas is composed of two volumes of nitrogen 
and one of oxygen in two volumes of the oxide. Its heat of 
formation is negative, —18,000 calories. This accounta for 
the fact that the gas supports comhustiou if the combnsti- 
ble is already ignited and if it produces enough heat to de- 
compose the nitrous oxide. Thus a candle, burning bright- 
ly, and sulphur thoroughly ignited, and phosphorus continm 
to buni in the gas, but they may be extingnished if not 
already burning vigorously. It is also notable that if they 
burn, they bum more brightly than in air. The cause ol 
this may be the fact that nitrous oside, when decomposed, 
yields a mixture which is one third oxygen, whereas the air 
is only one fifth oxygen. A mixture of nitrous oxide and 
hydrogen explodes like hydrogen and air, forming wat©" 
and nitrogen : 

SjO + 2H = 3X + HgO. 

S16 While nitrous oxide thus readily gives up its oxygen, ^ 

does not easily combine with oxygen as does nitric oxid* 
It is interesting to note that if nitrous oxide combine 
directly with oxygen to form nitric oxide, thus, 

NjO + = 3N0, 
the reaction would involve the formation of four volume* 
of the product from (3 + 1) volumes of the factors, that is. 
expansion of volume which would be extraordinary. Fur- 
thermore, the reaction would be accompanied by the absorp- 
tion of about 25,000 calories of heat energy. On the other 
hand, the oxidation of nitric oxide liberates heat, thus : 
3N0 + 20 = XjO^ + about 40,000 calories. 

S16 Nitrous oxide when inhaled pure produces insensibility, 
which ultimately ends in death by suffocation, birt which 
passes off if the supply of oxygen be quickly restored to the 
lunga. It is used extensively as an ansesthetic when iflE 
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ibility for a short period is desired. If inhaled with air 
■t produces a kind of intoxication, which led to the name 
■'laughing-gas." 

6b. Xitrogen Dioxide, NO 

Xitrogen dioxide, or nitric oxide, is not found as a natu- 1 
■ral Bubstance. It ia prepared by removing oxygen from a 
higher oxide, the pentoxide, which is contained in nitric 
I "^'d. This is moat conveniently done by tSie agency of 
I" metallic copper or ferrous sulphate. When copper is used, 
■^6 acid should be somewhat dilute (sp. gr. 1.18) ; small 
HfiMititieB of other nitrogen oxides may be formed at the 

■r Tie following equations may serve to explain the com- 
yP^^i nature of the reaction : 

CO 2HNO3 = HbNsO« = XsOb-H^O. 

(3) 30+3Cu = 3CuO. 

(4) 3CuO + 6HN0a = 3Cu(N03)i, + 3HsO. 

Tfc»-e whole may be expressed in one equation, thoB 
3Cu + 8HN O3 = 3Cu(N03)b + 4HgO + 3S0. 

With ferrous sulphate, the reaction is similar so far as 
I fte nitrogenous substances are concerned, but by the oxy- 
n which the nitric acid loses, the iron oxide of the salt is 
J olianged from ferrous oxide, FeO, to ferric oxide, FcaO,,, and 
I MDSeqaently the ferroua salt becomes ferric salt. (See 
Tm. 47/* and 48, Part H.) 
Sitric oxide is a colorless gas, and when pure has no gig 
[ «tion on litmus. Its specific gravity is 14.95 (H = 1). 
r One bandred volumes of water dissolve about five of the 
I SW at ordinary temperature, but it does not combine with 
*»ter and has no acid-forming property. It is condensable 
'0 a colorless liquid which boils at — 154° and solidifies at 
Like nitroaa oxide, it is endothermic with a for- 
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[nation heat of — 21,600 calories, but it ia apparently mote ' 
stable than the former, and burning sulphur and woodar 
extinguished by it. Phosphorus and eonte metals, strongly 
heated, take oxygen from it. The vapor of carbon d 
phide, which also is highly endothermic, hums in it with 
intense brilliancy. On the other hand, it combines directly 
with oxygen on contact at ordinary temperature, forming 
the tetroxide. It dissolves in a solution of ferrous sulphate, 
combining with the latter, but the product is very unstable. 
It combines with chlorine at red heat (Ramsay). Thegaa 
itself may be exploded by the shock of another explosion, 
such as that of the fulminate in a common percuBsion cap 
(Berthelot). 

6c. Nitrogen Trioxide, iViOj 

I This substance is very unstable, and probably does not 
exist in gaseous condition, but, when vaporized, becomes a 
mixture of nitric oxide and the tetroxide ; thus ; 

But when the mixture of these gases, or of nitric oxide 
and oxygen (3N0 + 0), is cooled, a dark-blue liquid i* 
produced which is supposed to ho the trioxide. This, even 
below 0°, gives off the brown gas which is a mixture of tl»« 
two oxides. If this mixture is passed into a solution o' 
basic hydroxide, a salt is formed which is evidently the sal* 
of the trioxide ; thus : • 

NO + NOj + NasO.HsO = H^O + Na^O.^jOj or 3NaN0«- 

I This is called nilrite, and corresponds to the acid, HSOe- 
But when sulphuric acid is added to the solution of nitrit« 
in order to liberate this nitrous acid, the latter immediately 
breaks up into water and the dioxide and tetroxide. When 
the liquid trioxide is mixed with ice water it is supposed 
that some nitrous acid is produced ; thus : 

NsOa + H,0 = HjN A = 2HNOs. ■ ^ 
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I But with a alight rise of temperature this becomcB nitric 
acid and nitric oside ; thna : 

aSjOa + HjO = 4X + SjOsHjO, or 2HN0j ; 

And BO, again, a higher and a lower oxide are produced. 

Nitrous acid in dilute solution, or its anhydride (XjO^), 
im the curious property of acting hoth as an oxidizing and 
a reducing agent ; in oxidizing, it splits into 2X0 and ; 
li reducing, it becomes the pentoside, NjOj. Thus it oxi- 
diiea the hydrogen of hydriodic acid, HI, liberating the 
iodine; but it reduces permanganate, destroying its color. 

The nitrites are comparatively stable. They are fonud SSti 
Bometimes in minate quantity in rain water and snow, com- 
ing from the atmosphere, and they occur in some plant 
jnicea. 

6d. mtrogm Tetroxide, N^Oi 

This substance is formed by direct reaction between ni- 1 
trie oside and oxygen or air (compare Exps. 47/i and 47/b) 
at ordinary temperature with evolution of heat, 39,300 cal- 
It is also formed when some nitrates are heated. 
Lead nitrate is commonly used. (Compare Exps. 16/, and 

■rb(XOs)s (dry and heated) - PbO + + NtO, or 3X0,. 
f Thifl oside of nitrogen at sufficiently low temperature ! 
colorless solid, which melta at — 10° to a pale-yellow 
d. This becomes darfeer as the temperature rises until 
»t 39° it boils and the vapor is reddish brown. The color 
wmtmuys to grow deeper until the temperature passes 140°, 
'lien it begins to fade, and at 600° or higher the gas is 
'Code's The specific gravity of the liquid is 1.45 (water 
~1)! that of the vapor just above the boiling point (H — 
Lj ) 18 BUch as to indicate (Gay-Lussac's law ; see Xo. 94) the 
ila XjO,. but at 140° it indicates XOa, and at 600° or 
the gas is simply a colorless mixture of nitric oxide and 
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oxygen. When this mixture cools, the gaseouB Bnbstanoe 
NO, is first formed, then the gas, SaOj, then the liquid, aii^ 
finally the colorlose solid. (Compare with sulphur. See So 
93.) Therefore the solid, the liquid, and the colorless gaf 
NgO„ are to be considered as polymeric (see No. 179) with th 
dark -colored gas, XOg. It is convenient to designate the sul 
stance \0g as the peroxide and SjO, as the tetroxide. Wlie 
the peroxide combines with itself heat is liberated ; thuB; 

KOs + NOj = NjOi + 12,900 calories. 

t The gas has a peculiar odor, and is poisonous. It 
an energetic oxidizer and corrosive. Phosphorus may 1 
made to burn in it, and it attacks many organic substance 
producing yellow derivatives. It dissolres in concentrate 
nitric acid, forming the so-called fuming nitric acid of cor 
merce. It forma with water no acid of which it may 1 
regarded as the anhydride, but with ice water it gives boi 
nitrous and nitric acids : 



NjO, -h HjO = HSOe + HISi'Oa. 



hff 



At ordinary temperature and with excess of water th( 
action is 

3X.0. + aHjO = 4H\03 -I- 2N0. 

6e. Nitrogen Pentoxi.de, JVjOj 

32& This sabstance is prepared by removing water fn>' 
nitric acid, NaO.sHjO, by means of phosphorna pentosii 
PbOj, and distilling the residue at low temperature. 
forms colorless, transparent crystals, which melt at 30° at 
boil at about 45°. The heat of formation of the soHd 
13,100 calories ; but that of the gas, curionsly enough, 
about zero. It is very unstable, breaking up even expl 
sively into the tetroxide and oxygen. It combines wi"! 
water very energetically, liberating heat and forming nit* 
acid. 

NjOj -h H,0 = HbNA = SHNOa. 



I 
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6f. Nitric Acid, HNO^ 
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This substance was known to the Arabian alchemista, S2S 
I the earliest account of its preparation being that of Geber 
n the eighth century. He made it by heating a mixture 
I of potassium nitrate, copper sulphate, and alum. Glauber 
3-'68) made it from niter (potassium nitrate) and aul- 
r phuric acid, whence its modem name. It has been called 
"aquafortis," from its property of attacking metals. La- 
voisier in 1776 showed that it contained oxygen, and Cay- 
endish (1784-'85) showed ita relation to nitrogen, oxygen, 
and water. 

It occurs in nature free in small quantities, but princi- 827 
psUj and abundantly in its salts, the nitrates of potassium 
and sodium. 

Nitric acid is formed in small quantity from nitro- 8S8 
gen, oxygen, and water vapor by electric discharge, and ia 
therefore found in the atmosphere. It is also formed as 
oitrate by the oxidation of ammonia and of the nitrogen of 
organic substances in the presence of bases. Thia process 
ifi called nitrification, and goes on in the soil. It is de- 
pendent upon the presence of minute living organisms, 
called baetena, or at least it is greatly influenced thereby. 

Kitric acid is formed, too, when hydrogen is burned in 
osygen with a small quantity of nitrogen present, and 
'hen ammonia ia burned in oxygen. 

The chief artificial method of preparation, both on a 8W 
large and a small scale, is by the action of sulphuric acid on 
solium or potassium nitrate, and the distillation of the 
more volatile nitric acid thus set free. With excess of sul- 
phuric acid, the reaction ia aa expressed in the equation 

NaNOa + H^SO, = NaHSO, + HNO3 . 

Nitric acid is an important commercial article, and 330 
comes into the market as a water solution of specific grav- 
ity 1,4, and containing only about 60 per cent, or less, of 



as 
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the true acid. This ia likely to contain as impurities sul- 
phuric acid and hydrochloric acid, or chlorine, and iron salt. 
I AVhen freed of these and of moat of the Bolvent water, 
it appears as a colorless liquid with a specific gravity of 
about 1.53, and contains about 99.5 pur cent of the true acid, 
HNO3. It fnmeB in the air and absorbs water energeticully, 
It boils at 86° and Bolidtfiee at about —50°, When boiled, 
and even at ordinary temperatui'e, it decomposes to some 
extent into the tetroxide, oxygen, and water ; as a reeult 0/ 
this the liquid, even when more dilute, becomes somewhat 
yellow and shows the brown fumes. At a higher tempera- 
ture, 25G°, the decomposition is complete. The specific 
gravity of the vapor slightly above the boiling point is 2!I.I 
(II = 1), indicating the formula IINO3. The substance is 
very corrosive, attacking many substances violently, bd^ 
showing a marked tendency to stain organic matter yello*. 
When the concentrated acid is diluted with water, heat \i 
liberated, and the boiling point of the dilate acid is higbf 
than that of the concentrated, and higher tljan that of 
water. If the dilute acid is distiUcd, it is chiefly water 
that passes over until the boiling point reaches 131'' (nor- 
mal pressure), when it remains constant, and the distillata 
contains uniformly about 70 per cent of the true aci^ 
This is supposed to be combined with the water. On tb« 
other hand, a solution containing more than TO per cent 
of acid, fumes, losing acid, and when distilled the boilin? 
point rises until 131° is reached, when the same coiiBta"* 
distillate is obtained. It has already been noted that when 
dilute nitric acid acts upon metals, reduction prodncia 9*^ 
obtained, as well as the salts. 

Sitric acid is consumed in large quantities in various 
industries — for example, in the manufacture of sulphur*" 
acid, of dyestuffa, of nitroglycerine, of guncotton, of tbe 
nitrates of silver, lead, and iron; in the etching of stoi**i 
steel, and copper ; in the refining of gold and silver, etc- 
It is also an important laboratory reagent. ^ 
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6g. The Niti'ahs 

Kitrio acid, as shown by its fonuiila, contains one com- 
bining weight of hydrogen, replaceable by its equivalent of 
metal. Such an acid is called monobasic. It forms a series 
of well-defined salts, which as a rule are soluble in water. 
The chief natural nitrates are those of potassium and 
Bodium, which are also important commercial articles. The 
most abundant is aodiiun nitrate, which is found in vast 
tieJe in portions of Chili and Peru. It goes commercially 
under the name of Chili saltpeter. This has been produced 
probably by the nitrification of organic matter deposited 
in what was once the bed of the sea. Before these beds 
were worked, potassium nitrate, for which there is a large 
demand, came mainly from somewhat similar deposits in 
India, particularly in Bengal, where the process of nitri- 
fication was artificially cultivated. Now it is made largely 
by reaction— double exchange — between sodium nitrate and 
fipotasaium chloride. It is used in making gunpowder and 
mther explosives, and matches ; in curing meat, in refining 
lUls, and in medicine. For some of these pui-poses the 
iom nitrate is unsuited by reason of its hygroscopic 
iter, but it is used as a fertilizer, and in the manu- 
iture of nitric acid and potassium nitrate. 



6h. Ammonia, NIL^ 

I The salts of this substance were known to the early SStt 
Shemists, especially the carbonate and the chloride. 
a was caUed sal ammoniac. Priestley in 1774 separated 
Bramonia. This is formed in the decay of plant 
*°d animal substances containing nitrogen, and also when 
BHoh sabstances are subjected to dry distillation. It oc- 
Btb naturally in small quantities in the atmosphere and 
pter, and, as a constituent of its salts, in the soil, and in 
iai ioices and animal fluids. But, as a commercial prod- 
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Dct, it is artificial, its chief sonrce being the gm noT^ 
The coal which is digtilled contains some nitrogen, about 
2 per cent, and this appears as ammonia, a eecondarj 
product, in the manufacture of coal gaa. It eomea into 
commerce as a water solution which is known as /ijuorot 
agiia ammoiiia^ and contains from 10 to 30 per cent ol 
ammonia gas. A number ot its salts are also commercial 
articles. From its water solution it may ho obtained b) 
heating simply, and from its salts by heating with lime 
or any non-volatile base. 

1 The gas, ammonia, is without color, but has an extremal] 
pungent odor. Its specific gravity is 8,48 (H = l), an^ii 
condenses to a liquid which boils at about —40° and Bolidi 
fies at about —80°. It can be inhaled only when tk; 
much diliited with air, otherwise it is corrosively poisonous 
Although its heat of formation is 12,000 calories, it is no 
formed, save in very minute quantity, by direct combim 
tion of nitrogen and hydrogen. When formed, it is rsls 
lively very stable. By the passage of electric sparks and 1^ 
a temperature above 500°, it is slowly decomposed int 
three volumes of hydrogen and one of nitrogen fromtW' 
of ammonia. It reacts at ordinary temperature witi 
chlorine in the presence of water, forming hydrochlon 
acid and pure nitrogen, which is in volume equal to on 
half that of the ammonia decomposed. It bums in osygfl 
with a peculiar, pale-yellow flame, forming water, nitrogei 
and some traces of nitrogen oxides. In air it bums ott 
witb difficulty, the resulting temperature being insuflicie' 
to maintain the combustion when it is started. It reW 
with many other substances, with acids, and with many sal' 

I In water it dissolves in enormous proportion, o 
volume of water dissolving about 700 vohimes of the g 
at ordinary temperature ; much heat is thereby liberatt 
8,400 calories for 17 grams of ammonia. The gas, h< 
ever, is readily and completely expelled from the solutJ 
by a rise of temperature, and of course an equal qoaBti 
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f heat is absorbed in the process. The solution is lighter 
han water, is alkaline in reaction, caustic, neutralizes 
kcids and forms salts, and reacts in general like the alkali 
lydroxides — e. g., sodium hydroxide, XaOH. From this 
!act it is supposed that ammonia combines with water addi- 
•ively — ^that is, in such a manner that the product contains 
ill the constituents of the factors ; and, after analogy with 
;he alkali hydroxides, the product is written XH4OH, and 
lamed ammonium hydroxide^ although there is little direct 
evidence of its existence. The name implies a substance, 
mmmium^ XH4, but no such substance has ever ])een 
leparated. Ammonia combines with acids — e. g., hydro- 
)hloric, additively ; thus : 

XH3 + HC1 = XH3HC1. 

The salt is written NH4CI, and named ammonium 387 
Jhloride, as if it were formed by displacing the hydrogen 
)f the acid by the substance ammonium, as sodium forms 
Jodimn chloride, NaCl. When, however, the salt is formed 
from the hydroxide and the acid, the equation stands, 

NH4OH + HCl = XH4CI + H2O. 

Ammonia, or its solution, is used extensively — e. g., in 338 
phannacy, in calico printing, in manufacturing dyestuffs, 
8oda (i. e., sodium carbonate), and ice. Ammonium sulphate 
is used in making alum and as a fertilizer, particularly for 
sugar-beet culture. The chloride, also known as sal am- 
naoniac, is used in pharmacy, in soldering, in galvanizing 
iron, and in dyeing. The carbonate also is used in dyeing. 

6i. Other Compounds of Nitrogen 

Besides the reactions already described, ammonia takes part in 339 
^nges of a different type which result in substituting other constit- 
'wnts lor its hydrogen. When ammonium chloride in strong water 
>ohition is acted upon by chlorine, nitrogen chloride is produced : 

NH4CI + 6C1 = NCls + 4HC1. 
10 
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A similar reaction probably takes place with bromine and iodine, pro- 
ducing NBrj and NIj. These substances are eitreiuelj elploH'fe 
amoug tbe most violent known, and eonsequentif ver; dttngeroiu to 
htiiidle. Du long discovered the nitrogen chloride (1811), and lostanef^ 
and three fingers in preparing it, and later Faradfty and Sir Bumpht) 
Davy were injured bj its explosion. 

I Similarly by reaction between ammonia gas and heated Kctiil, 

compounds are produced in which the metal appuars to be BubbtltuUd 
for the hydrogen ol the ammonia. Thus with sodium are obt^ed 
the compounds NalTiN and NaiN. These with water yield sodiitn 
hydroxide, NaOH, and ammonia, NHi. Some metals form nilrida 
by direct combination with nitrogen— e. g., magnesium, wbieh fomu 
MgiNi. and the latter yields ammonia by contact with water. 

Hjdrailiie in a second eom|)ound of nitrogen and hydrogen. It tai 
the formula NiII,, and is a gas of pungent odor. It is very hygrosoopift 
forming with water a stable compound, N.IIjHjO. The latter is A 'erj 
corrosive liquid, which acts as a base in forming salts — e. g., NiHiHCl, 

I Hydrozylamine, NUiOH, in water solution acts also as a base,Miil, 
like auimonia and hydrazine, combines with acids additively — e. gn 
NH.OH-HCI. 

I VjaiaaiAa uld.* — Most remarkable ia this compound of nltro^ 
and hydrogen, HNi, which acts as an acid. It is a clear liquid (boiling 
point, 37°), very explosive, soluble in water, and of inlolerable oifit. 
The sodium salt, NflNi.ia soluble, and the silver salt, AgNi,ia insolnblft 
and both are explosive. A singular reaction is with ammonia, thue: 



NH. 



HN, : 



■ NH.N,. 



* base, (^mbines with anotbor 
acid, forming a salt whose owiv 
pleat terms, NH. Tills, Iw. « 



One hydride of nitrogen, acting 
hydride of nitrogen which acts as 
position is NiH,, or, reduced to 

With hydrazine also this acid combines additively, giving the «!' 
N.n,HN,, or N,H,, and this is extremely explosive. 

6J. The Relation of Nitrogen to Living Things 

. It has already been stated that this element is an essential eonstitH" 
ent of the plant and animal organism. Indeed, it is one of the eleniw'* 
in that fundamental form of living matter called proloplaam {fn^^"- 
191). It seems very probable that the extreme instability or oheng*' 

• CurliuB, 1891. 
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■ of those aubslances whicb are most intimfttely associated with 
HactiviCies is due in large meoijure to the characteristics imparted 
the constituent nitrogen. It h abo an element in the rejected waste 
idactB of the animal. Therefore its supply must bu renewed, and it 
lomes an eeseatial constituent of food. 

pPie higher animals, including man, although they lire in an atnios- 315 
Mwhich is lour Hfths free nitrogen and are constantly drawing this 
Bhe lungs, are wholly unable to use any of thia nitrogen as food. 
W'tsan not even use uitrates nor ammonium salts as a source of this 
sent. They must have it already as a constituent with carbon and 
ler elements in the organic foods. Snch tompounJs are found par- 
Lilarly in meat, in fish, and in portions of those foods which come 
m plant seeds, such as wheat and other grains. The higher animals 
I therefore ultimately dependent on the plant for nitrogenous food, 
d it becomes of special interest to learn whence the plant obtains its 
pply ol nitrogen. 

'ft controst with the animal, the plant takes its nitrogenous food in 346 
u of ammonia and of nitrates which it finds in the solL These 
3 the soil in limited quantities, derived from the 

a ot nitrogenous organic matter which finds it^ way there. This 
odUCes. flrat, »mmoniH, and then nitrate, by nitrification, the process 
iug itself dependent on bacterial life (see No. 328). They may also 
me to some extent from the atmosphere, washed down by rain. Bnt 
til may lose its fertility through exhaustion of its nitrogenous food 
Bm removal of crops ; therefore this is restored artificially by the use 
BBllMrs, such as manures and crude ammonium salts and nitrates. 
Blent has been much investigation as to whether the nitrifying bac- 847 
Saof the soil are able to draw and do draw upon the atmosphere tor 
iir supply ot nitrogen as they do for osygen. The evidence seems to 
™ that they do. and that in this manner atmospheric nitrogen ultl- 
ilftly reaches the plant as food. Combined nitrogen, therefore, is 
ioable. being one of the most costly of food constituents. This has 
I to many attempts to manufacture nitrogenous compounds cheaply 
m the nitrogen of the air, but so far they have not been commer- 
Jly successful. 

The relation of combined nitro^n in the soil to the food supply of 848 
'Mt-consuming peoples has attracted much attention. Sir William 
ootcB* has reckoned that should all the land available (or growing 
ie« be in use, and the present average rate of production be main- 

•Address as President of the Britii^h Association for the AdvancB- ; 

«it of Science. 1888. Chemical News, September «, 1898. 




taiiicil, the total wheat produced would suffice to supply {ood l« tlie 
DBturallj increasing popiiltLtion of bread-eaters, at the preaeat mtc of 
conBumptiou, only until the year 1931. Furthemiore, he eatimBte 
that the present acreage could meet this increased denmnil oiad 
increase of pupulatioti it the average yield of wheat per acre eonlr! be 
raised from the present quantity, 12.7 bushels, to 30 busheiSi Prciti 
results' obtaitieU on the experimental farm at Itothamsteud. he nlcn- 
lates that this could be done by the use as fertiiiKer of about twelv, 
million tons annuaily of sodium nitrate distributed over the worM. 
But the present output of this substance is only about one and a qatr' 
ter million tons. He then Considers the possibility of producing nitmlc 
by electricity — that is, causing the nitrogen and oxygen o! the sir ti> 
corabine by electric discharge. From experiments by Lord Rayleigli, 
he calculates that one ton of sodium nitrate would cast f 130, mads b) 
electricity from steam power, but only $25 if from water power, u at 
Niagara. 
I In the same connection he calls attention to the enormous qnaotit' 
of combined nitrogen which is thrown away in the sewage and nivx 
of towns and cities, estimating its value for the United Kingdom aliWi 
if it could be recovered, as 180,000,000 per year. 



7. OXTQEIT 



' Hiiliry. — Oxygen was discovered August 1, 1774, by PriMtlfJ. 
who made It by heating mercuric oxide, HgO. It was ulso diawTBml 
independently by Scheele, a Swede, at nearly Ihe same time. Ateatlj 
as 1875 Mayow, an Englishman, partly anticipated these more lleftnili' 
discoveries by recognizing some of the peculiarities of air. now JtnOf n 
to be due to oxygen. Lavoisier named the gas orygeji, signiffing tllr 
ncid-produpcr. 

I Ifatnral occurrence. — Of the elements of the earth, (oj- 
gen is the most abundant and the moat generally to- 
tributed. Uncombined it makes up more than one fifth d' 
the atmosphere, while combined it constitutes eight ninths 
of all water and about one half, it is estimated, of the 
enrth's crust, including compounds with almost all the 
other elements. 

t Preparation, — It is not practicable to remove the nitre- J 
gen from air and thus obtain the oxygen ; other ani 
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methods are used. It is made (1) by the electrolyBiB 

joidulated water (see Ko. 202) ; (2) by heating some 

iiDic oxides — e. g., mercuric oxide and manganese di- 

!b; (3) by heating potassium chlorate, KCIO3, or, pref- 

ij, a mixture of this salt with manganese dioxide, 

sh evolves oxygen at a lower temperature than either 

h alone. Potassium chloride, KCl, ia the other product 

ihis reaction. This is the most common laboratory 

tod, and it is also applied commercially for the prep- 

^ of oxygen. (4) Another method, which is applied 

talarge scale in England, consists in heating barium di- 

ide, BaOs, under reduced pressure. Oxygen is thus lib- 

ited, and the monoxide, BaO, is left. This in turn ia 

ftted with air under increased pressure, and the dioxide 

produced. The oxygen, therefore, comes from air, and 

barium oxide serves as carrier. 

)xygen comes into commerce stored under pressure in 
flic cylinders. 

Mipertles. — Tlie gas is without color, odor, or taste, and S68 
Btier than air in the ratio of 15.9 to li.4. Under the 
lire of fifty atmospheres and at —118° it condenses to 
dd which boUs at —183° (Dewar), and at a still lower 
nature solidifies. One hundred volumes of water dis- 
3,1 volumes of the pure gas at 30° and 760 millimeters, 
mly 0.6 of a volume from the air, since the latter is 
one fifth oxygen. 

Uygen ia a very reactive substance ; binary compounds 354 
are known with all the other elements except fluorine, 
Ine, argon, and helinm. With most of these it corn- 
directly, with some at ordinary temperature, and with 
only at high temperature. The phenomenon of com- 
6n has already been described in other connections, 
Oxygen hae been called a supporter of combustion. 
jlie term ia purely relative. Oxygen and air may be 
1 to an atmosphere of combustible gas, and thos the 
re positiona be reversed. 



365 The oxides are of three kinds : tliOBe which are acid- 

forming, those which are baae-fomiing, and those which are 
neutral — that is, which act neither as base nor acid. There 
are some which act as bases in some compounds and ^ 
acids in others — e. g,, zinc oxide, ZnO, and alumioiuin 
oxide, AlgOj. Carbon monoxide is neutral, and many illi* 
trations liave already been given of the acid and basic osidei 

358 Oxygen not only supports combustiou, but it is neces 
sary to life, at least in the higher forms. In the animal i' 
is absorbed from the air by the blood aud carried to the dii 
ferent parts of the organism, where it eflects the oxidatioi 
of various substances, and so supplies heat and energy t 
the system. When breathed for a short time pure— thi 
is, nndilnted by nitrogen — it acta as a tonic, but if breathe 
longer it becomes harmful, producing fever and weaknesi 
• and if inhaled pure and under increased pressure, it ae 
as a poison. It is of great service in some diseases, wht 
the ordinary air is not rich enough in oxygen to eerve i 
purpose ; also to sustain life in diving-bells and submarii 
vessels, and in balloon ascensions to the higher atmosphe 

857 which is too rarefied to support human life. It is also U8< 
in the oxyhydrogen flame for high temperatures, whi< 
finds application in the calcium light. Its use is foni 
advantageous in the purification of coal gas, in the bleac 
ing of paper pulp, in the thickening of oils for Tarnish* 
etc. It has been attempted, and with some success, to sa 
ply a high-grade illuminating gas by mixing from 15 to i 
per cent of oxygen with the hydrocarbon gas which 
made by destructive distillation (T. E. Thorpe). 



7a. Ozone, O3 



M 



When electric sparks pass through air, or througT 
oxygen, or, still better, when the passage is by what is call' 
the silent discharge, the gas is found to have a peculi 
odor and to be capable of oxidizing mercury and other so 
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stances which are not thus acted upon by oxygen at ordi- 
n»ry temperature. The aiibBtanee to which these proper- 
■tieeare due is named ozone {Bignifying Bmell). Contrac- 85& 
tion oi volume accompanies its formation, and by bringing 
fhie shout in pure oxygen and measuring the contraction, 
then removing the ozone by absorption with turpentine or 
emilar anbstance, and measuring the second contraction 
thus produced, it has been found that the latter is twice 
the former contraction. Therefore, three volumes of oxy- 
pn are converted into two of ozone, and the two volumea 
ti ozone are converted into three of oxygen simply by heat- 
Blg. Ozone, then, contains nothing but oxygen — indeed, it 
& an allotropic form of the latter. From the foregoing S60 
Acta its specific gravity should be (3 X 16) ~ 2 = 24. Of 
the oxygen used, not more tlian 20 per cent can be eon- 
Terted into ozone, hence it has never been obtained pore ; 
bat an approximate confirmation of the calculated specific 
psvity has been deduced from its rate of diffusion (see No. 
w3/,. Part I), which is nearly the same as that of carbon 
fioxide (sp. gr. 83). 

The formation of OKone accompanies the oxidation of 3S1 
'Uioua substances — e. g., moist phosphorus and certain 
"■Mins, also the burning of hydrog'eii in air ; hence it is 
E'^Uerally present in the atmosphere, but only in small 
^nantity^at most one volume in about 700,000. It is 
more abundant in the air of the country and the seashore 
"lan of the city ; more during spring than during summer 
•"■ winter ; more during rainy than during clear weather, 
"Qd it is increased by thunderstorms (Ramsay). 

Properties. — Ozonized oxygen seen through considerable 
^^pth (one meter with 10 per cent of onone) is blue, and, 
'hen cooled by liquid oxygen to —180°, the ozone is con- 
"^Osed to a dark-blue liquid which boils* at —119°. In 
•"ateritis nearly fifteen times more soluble than oxygen, 

* Troost, Comptes Bendns, June, 18B8. 
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according to ut leaat one inveBtigator, but the statemeDta 
on this point are contradictory.* Its formation from oij- 
gen involves the absorption of 30,000 calories. When it ii 
heated to 250° or 300° it is converted entirely into oxygen 
with liberation of heat. If heated quickly, especially if 
under pressure, it explodes. Contact with some substances 
— e. g., copper oxide— converts it into the original quantity 
of oxygen without other change. In accordance with its 
MS endothermic formation, it is very reactive, acting upon 
many substances as a powerful oxidizer at ordinary tem- 
perature. Home Bubstaoces — e. g., turpentine — take up the 
whole of its oxygen; others — e. g., metallic mercury and 
silver — combine with only one third of its oxygen, liberat- 
ing two thirds as ordinary oxygen gas : 

8Ag (silver) + 03 = Ag^O + 0^. 
Of similar nature is the reaction with potassium iodide : ' 

SKI + 0, + H3O = KsOHeO + I, + Os. 
This property is used in order to recognize the presence ol 
ozonii, for litmus paper wet with potassium iodide solutioo 
turns blue on exposure to ozone, because of the alkali hy 
dioxide formed, or, if starch ia present, the liberated iodii^^ 
turns the starch blue. Curiously enough, ozone may al«^ 
act as a reducing agent on substances wliich yield oxyge*^ 
readily. Thus : 

PbO,+ 0,,= PbO + 20s. 
Ozone is irritating to inhale in considerable quanti' 
and fatally poisonous when concentrated. It seems to ac 
as a reducer in the lungs, since the blood appears as it di 
when suffocation has taken place (Ramsay) ; etiU, it 
somewhat used medicinally. 

Note. — Ozone Jiiaj be regarded as an oxide of oxygen or as ai 
mentarj polymer. In terms of t.lie atomiE theory, ita molecuJe is 
to contain three atoms, wliile that of ordiuary oxygen gae 
atoms of oxygen. 

■ AlaUfert, Compter Rcndua, 119 (1804). 






DBSC'RIPTION OP ELEMENTS AND COMPOUNDS 139 

Tb. Hydrogen Dioxide or Peroxide, HjOs 
A substance greutly resomblitig ozone, so mach so that ! 
Jiej can not always Le distinguiahoii, is hydrogen dioxide, 
"IjOa. It iB said to be formed in small quantity by reac- 
llou between water and the oxygen which the former holds 
n solution and hence to be present in natm-al waters. The 
phief method of formation — the one used in making the 
Eommercial article — is by the action of dilute sulphurio 
iioid on barium dioxide : 

BftOj + HgSO, = BaSOi + H,Ob . 

The barium sulphate, being insoluble, is removed by 
filtration or decantation, and the dilute solution is concen- 
trated by evaporation at low temperature. A solution is i 
obtained which has the specific gravity of 1.45 and remains 
liquid at —30°. It has a pungent odor and metallic taste, 
I imd IB very unstable. The concentrated solution begins to 
[ decompose at about 30°, and if rapidly heated may explode, 
trnder low presBiire the dioside volatilizes at abont 84', 
fl-nd a distillate 99 per cent pure is obtainable ( Wolff enatein, 
1894). The dilute solution is more stable, bat by heating 
It ia entirely decomposed into water and oxygen. This 
decomposition is exothermic, liberating 23,000 caloriea. 
L^ie ozone, it is an active oxidizer, and may also act as a 
reducer. It is used in the laboratory as a reagent, in the 
arts for its bleaching property, and in medicine as a disin- 
'ectant and germicide. 

7c. Water, 3^0 
Cavendish in 1781 was the first to show that water, and 868 
*ater alone, is formed by the combustion of hydrogen and 
■^^ygen. Sir Humphry Davy in the early years of the cen- 
'Dry separated water by electroJyeia into hydrogen and 
^^gen solely. Gay-Luasac and Humboldt determined 
Volumetric composition in 1805, and Berzelius and Dulong 
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ita composition by weight in 1820. Since tben, and even 
in recent years, as stated in another connection (see ^'os. 
146 and 147, Part I), manv have investigated its esact com- 
position. 

SC9 Water is the most abondunt compoond on the earth. 
Its presence on the planets Mars and Venue is thought 
probable. Besides the water which is visible as soch is 
that water which is a constituent of other things but esailj 
separable from them ; for example, water of crrstallization. 
In this sense water is a constituent of many minerals and 
of both the plant and the animal or^nism. In plants it 
constitutes from 50 to 95 per cent of their weight, and the 
human body yields by drying abont 70 per cent of ite 
weight as water. 

Many reactions in which water is a product have been 
already described in other connections, and they do not c»U 
for further consideration. 

tlO Propertiea— Water is colorlcsa, aare when eeen through 
a considerable depth, and it then shows a bluish-green tint. 
This is seen also in ice and water vapor. When pure, it is 
without taste or odor. It freeze* at 0° and boila at 100 
nnder a pressure of 760 millimeters. Increase of pressure 
lowers the freezing point and raises the boiling point. K 
shows its greatest density at 4°, when by definition 1 
cubic centimeter of it weighs 1 gram. The specific grav- 
ity of ice at 0"" is about 0.9 — that is, water expands oo 
freezing. In the fnsion of 1 gram of ice at 0° to waters* 
0°, 80 calories of heat are absorbed. In eonverting 1 gram 
of water at 100° into vapor at the same temperature 53*^ 
calories are absorbed. Water expands more than any other 
snbetance in vaporizing, 1 volnnie of the liquid becomi'*^ 
1,650 of the vapor. It has also the highest heat capacl^?' 
It ie a poor conductor of. heat and electricity. Its fon**'' 
tJOD beat is 68,400 calories. 
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7d. Natural Waters 

skater is an artificial prodact, since nataral water, coming in 371 
ith the atmosphere and the earth, takes more or less of mat- 
olation, and ceases to be pure water in the chemical sense of 

That which comes in contact with the atmosphere only — 
ain water (including snow and hail) — is consequently the 
That which passes over the surface of the land and drains into 
reams, and that which sinks through the ground and comes 
face again as spring or well water, must be greatly modified 
bure of the matter with which it comes in contact. More or 
\ soluble matter thus picked up is carried on to the sea, where 
lates ; so that sea water contains the maximum of dissolved 
3. Rain water sometimes shows as much as 50 grams of solids 372 
in 1,000,000 cubic centimeters of water. River waters vary 

the quantity of solids dissolved ; for example, in 1,000,000 
:imeters of water the river Neva contains only 55 grams of 
e Seine, from 190 to 432 ; the Thames — in its upper parts 387, 
I from 400 to 450, and in its lower parts 1,617 ; the St. Law- 
; the Nile, 1,580; the Jordan, 1,052. Spring waters also vary 
If solids, especially salts, are present in such quantity as to 
:ed taste and sometimes odor to the water, it is called min- 
may be used medicinally, even if not acceptable for ordinary 

For the latter purpose hardly more than 400 or 500 parts 
n would be tolerated, while some mineral waters contain as 
0,000 or even 30,000. Sea water on the average contains of 
at 36,000 parts per million. 

Jie nature of the impnritieB. — The impurities of rain water are 373 
monium salts, nitrates, sodium chloride and sodium sulphate, 
germs, besides the normal gases of the air. Of river water, 
le most abundant mineral impurities are calcium carbonate 
ate. 
al waters may be distinguished according to their content as 374 

nated waters, containing carbon dioxide, sometimes so much 
they effervesce, have acid taste, and action on litmus. 
Ine waters^ containing much sodium carbonate. 
waters, containing especially magnesium salts. 
heate waters, containing iron acid carbonate. 
>u« waters, containing alkaline silicates or silicic acid. 
ur waters, containing hydrogen sulphide, 
i water, sodium chloride (common salt) is by far the most 
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abiinclntit impuriLj, showiiig S5,000 parts or more per raiUtoti. Xeit 
in abunJaDcc Hre niagnmjium ehloriiie and sulphale, caJcium BiilpltiU, 
uii] pota^ium chloride : maoj other EuhsCaaces are present in miaile 
quaiitit}'. 

875 Eudneu, — Waters are called hard i( they cause precipitatiua at 
turbiditj when soap solution is added to them, and soft in the alsence 
of this property. The soap can not have its desired cleauaing eOect 
until the precipitation censes and the soap remains in solution. Hud- 
ness, therefore, since it causes a waste of soap, is in this respect objec- 
tionable. The explanation of the precipitation is as follows: Soapiia 

87&/1 soluble alkaline salt, the base of which is sodium hydroxide (in luid 
soap] or potassium hydroxide (in soft soap), and the acids of which are 
the so-cailed fatly acida, which are derived troin (atij and oils and of 
which stearic acid may be taken as representative. The salts of lliEse 
acids, with other than the alkaline bases, are insoluble in water. Con- 
sequently, when soap solution is added to water which contains bou- 
alkatint salts, a precipitate appears which is the non-alkaline sslu of 

875/3 the fatty aeids. The phenomenon of hardness is due, therefore, to di« 
presence in the water of uon-alkaliue salts. These are commonlT mlti 
of calcium and [nagaesinm. If these are present as acid cart>oaat«E. 
tbej are precipitated by boiling, and the cause of hftrdneas is Cfaereb] 

87a/3 removed. (See No. 271, Part I.) Hardness which is due to noQ-alk» 
line acid carbonates is called Umptirarii. On the other hand, if it i 
due to non-alkaline salts other than carbonates, it is not removable b 
boiling, and is called permanent. 

876 The nature of the imparities in water has important bearing »1 
upon its snitability for indutlrial tigeii, such as brewing, bleachii' 
dyeing, and the processes involved in niakjifg textile fabrics; in pap* 
making ; in tanning : in sugar refinieg. For use in steam boilers, SO 
stances like magnesium chloride «id free acids, which cause corros* 
of the iron, are objcptionable ; also those which cause deposits or incn 
tations in the boilers, such as calcium and magnesium acid carbonA' 
and calcium sulphate. ^ 

877 The suitability of a water for dririkiag purposes is dependent « 
only on its freedom from excessire impurities of the hind already ic* 
CBt«d, which may be and generally are present in small quantlt]^ 
good drinking water, but also on the absence of impurities of quib^ 
different orde:^-ramely. those which are of plant or animal origin Oi 
organic in nature — that is, those which contain carbon, and often oik^ 
gen. and which are subject to putrefaction or decay : and still f nrtJ 
on the absence of those minute living organisms called bitclen'a. 10 
ural waters generally contain more or less of the latter, or of their gerM 
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favorable ^^H 

□u the ^B 



■hich are capable of devo loping and greatly multipljing 
randitlons. Many kinds of bacterid are quite barroless, but. 
oUiec hand, somt' greatly dreaded diseases, notably cholera and typhoid, 
ire nndoubtedly produced by germs, and very often are transmitted by 
the ilrinking vater. The presence, therefore, of disease-producing S7T/1 
genus has come to be recognized as a possible danger in a water suj>- 
ply. Accompanying the excrement of the diseased liody, they And 
their way into the soil and into the sewage, and thence olten into the 
drlaking wat«r itself. Evidence, therefore, of the presence in water of 
9iibal«nces which are tint likely to be there except they come with sew- 
ige.eTen if the substances themselves are entirely harmless, is evidence 877/3 
of possible danger, since the germs themselves may at any time be 
prcKDt in the water if once they reach the sewage. In addition to 
tiis, it is probable that even water contaminated with organic matter 
of plant origin or with the sewage of healthy persons may cause dis- 
uses such an diurrhcea, to say nothing of the disgusting possibility of 
dlinlting dilute sewage, even though it be without harm. 

One substance which almost always accompanies refuse matter of 
•niffial origin is sodium chloride (coniiiion salt). It is also present nor- 877/3 
■UillyiD most waters, and in any quantity which is acceptable to the 
taste is entirely harmless. 11, however, it is found present in excess of 
■liatmay be regarded as normal in a given sample, it is reckoned as 
^ving a valuable imlication of probable pollution by sewage. The 
umeniay be said of anijuonia and of nitrates and nitrites. Ammonia is 377/4 
prodaced by the decomposition of nitrogenous organic matter, whether 
bj the slow process of decay or by the quicker processes of chemical 
taetion : the nitrates and nitrites are also the last products in the oxi- 
^ti«i of such matter. The presence, therefore, of these substances 
l*Joi>4 their rornial quantity for a given sample of water gives 
ii>K of probable contamination. Finally, an approximate meaaare may 877/5 
'•'gnt of the number of living germs which water contains by sow- 
inSftsniRll measured volume of the sample in a medium suitable (or 
tlwir rapid growth, and, after a sufBcient interval, counting the visible 
IWntlis. Some degree of sucee'is hai been reached in identifying the 
germs of certain diseo-ses but the chemical indications just 

I give information much more readily thnji those which 

I the actual identification of germs 

7e. Punjieation of Water 

a small xenle is the treatment most commonly 878 
^J^ for the purification of drinking water. This strains out mat- 
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ler in Buspcnsion, and renders turbid water more acceptable in appeiT' 
atice. But clearness is no test at all of purity ; u water ntay be perfectly 
clear and at the same time most dangerouslj impure. Many filtering 
muteriala are in use, and thej differ widely in their effects, althongb 

879 they may all serve to clarify. Charcoal, eapeeially auiaial clmrcoBl, 
removes suspended matter, and to some extent organic dissolved miU- 
ter, and rednces the temporary hardness ; but it does not remove Uu- 
teria. Indeed, by furnishing a favorable medium for their grovtbit 
may actually increase them and itself beootne a source of danger. 

880 Stone, sand, spongy iron, and prepared paper are proposed tar 
domestic fillers, but none of them affords any protection against liie 
danger from harmful bacteria. Poroiis earthenware or unglazed por 
celain may strain out the bacteria almost completely, but it loses iti 
cffteiency with use. Filters of this kind are generally supplied in ths 
form of cones or cylinders, through which water is forced by hjdnitit 
pressure or simply by atmospheric pressure. These should be reinovwl 
at leaat onc« a week, cleaned, and heated for thirty minutes in boilipg 
water or in an oven (Mason). 

881 Distillation affords the most perfect purification of wat«r, but It 
not so easily available for domestic use, although largely TistA 

882 Boiling for fifteen or, better, thirty minutes, bv killing the Iiro- 
terial life, affords most useful protection against danger, "and should 
be invariably resorted to in ease of waters which bear any snapicion oi 
sewage contamination. The vapid taste of the boiled water insybB 
removed by passage through a filter, which, however, should be dmIo- ■ 
sively employed for this purpose and not for filtering unboiled i™t«c " 
(Frankland). 

888 The purification of drinking viaier on a large seals for city «up- 

plies is undertaken in some places with good results. By the OBS ot 
large settling liasins and of extensive filtering beds suitably ooit- 
structed of gravel and sand, the public water supply may be grestly 
improved. Such filtration properly conducted is found to remove b»C- 
teria aliuost completely. This surprising result is due to the growth 
upon the sand of a kind of slime which acts as a filtering membnBi^' 
and the sand is not effective until this formation has taken pl»o*' 
Besides straining out the bacteria, this filtration tends to nitrifyt^*" i 
organic matter and thus to improve still further the condition of tb« , 

9Si water (Mason). In some places a small quantity of alum is added •» i 
water which contains acid carbonates. A slight precipitate of tiw 
gelatinous aluminium hydroxide is thus produced, whioh takes '** 
place of the slime above referred to, and permits the u 



rapidfl^Ul 
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L through coarse sand with the same desired result. At the same 
e no appreciable quantity of alum goes into the filtered water, 
ire can be no reasonable doubt that the treatment of drinking 385 
ter on the large or on the small scale as herein described is capable 
furnishing, as proved by results, a valuable, although of course not 
Dplete, protection to public health against certain diseases. 
The purification of water on a large scale for industrial purposes 386 
ilso undertaken, particularly the removal of temporary hardness and 
those substances which cause boiler deposits. The common method 
Drecipitation, followed by filtration or subsidence. As precipitating 
terial, various substances are used, such as calcium hydroxide (lime- 
ter), sodium hydroxide, sodium carbonate, sodium fluoride, . and 
ium aluminate. 

7f. Action of Water on Lead and Zinc 

As lead pipes are very commonly used to convey drinking water, 387 
1 as lead compounds are poisonous and tend to accumulate in the 
ly, it becomes an important sanitary matter to know whether lead 
y be carried into the water by contact with the pipes. That some 
•ieties of natural waters do corrode the lead, and that many instances 
poisoning have been thus caused, is not to be doubted. That other 
'ieties do not attack the lead is also true. Hard waters, especially 
>se containing acid carbonates, do not, as a rule, take up lead ; nor 
all waters without acid carbonates act upon it, but many certainly 
so act. The fact with regard to a given sample is best ascertained 
direct experiment. So small a quantity of lead as 0.7 parts per 
llion of water is reckoned as unwholesome for continued use (Frank- 
id). 

Zinc also is acted upon by many waters, but the quantity taken up 
small, and its presence is not regarded as serious. Copper should 
t be used in contact with drinking water, for it is easily corroded 
i is poisonous. Tin is the least acted on of the available metals. 

B. The Atmosphere 

The atmosphere is the gaseous envelope which surrounds the earth. 388 
the ancient Greek philosophy of Aristotle, air, earth, water, and fire 
s the four elementary principles out of which were made all sub- 
ices. Boyle in the seventeenth century was one of the first to in- 
igate scientifically the nature of air ; but the discovery of nitrogen 
^\itherfor^ in 1772, and of oxygen by Priestley in X774, alone made 



i the explanHtion of the true nature ot air which was put forth 
by Iiavoisier in 1777. Tlie qiiuiilitivp relation between the ojtygen and 
nitrogen was established in 1781 by Cavendish, 




Jig. 4.— riiLstlcj's apparatus for tho iuTestigatioii of air and other 



I Various estimatea have been made of the distance above 
the earth to which the atmosphere extends. From obm- 
vatioua of twilight its 
j^^^ A height has been cal- 

^^f^^^T^f^^ culated as about fifty 

BB^^B iUm miles. With thia hei^t 

|^^^^^H|^^^^B^ it bears the relation 

^P^^^^inR^^S^ the eurth that a 61m 

^ I ^^^m^L, ^1" ""<' twelfth of an ineli 

L %!~^^Sf^^^<" »r^. in thicknesB bears to» 
globe one foot in di- 
ameter (Hoscoe). l^ 
weight is such as to 
make a pressure which 
is variable, but which 
averages 1033.3 grams per square centimeter attheaes^ 
level (about 15 pounds to the square inch). This is eqnJ 



Fig. 5. — Ijivoiaier'B apparatus for esamin 

' ing air liy hoatiug a volume inclosed ii 

a retort and in contart with mercury. 
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a tho weight of a column of mercury 1 square centimeter 
D section and 7B0 millimeters high {= 29.9 inches). 

The atmosphere is a mixture in which the nitrogen and S91 
iiygen so greatly exceed the other aubstancea in quantity 
hat it is customary to apeak of air aa made up of these 
wo gases. But besides these there are present argon, 
fater, carbon dioxide, nitric acid, ammonia, ozone, hydro- 
gen (according to Gautier, C. E,, November, 1898, 1.5 parts 
n 10,000), hydrogen dioxide, complex organic substances, 
ind dust, including the germs of living organisms. All of 
heae may be easily removed except the nitrogen, oxygen, 
ind argon ; and, considering the mixture of these three for 
he moment as nir, it may be stated that one liter' of it 898 
weighs 1,393 grams at 0° and 760 millimeters, which is 14.40 
imea the weight of the same volume of hydrogen. In 
lanh free air the ratio of nitrogen (including argon) to 
'lygen is remarkably constant, as found by analysis of 
iamples collected over land and over sea, at widely eepa- 
ated points of the globe, on the tops of mountains, and at 
he greatest height reached by balloons. The greatest 
■ariatioD is only abont 1 part in 200. The nitrogen (in- 
Inding argon) averages 79.04 and the oxygen 30.96 per 
ent by volume, or by weight 77 and 33 per cent respect- 
'ely, Nevertheless, in some exceptional instances of free 
ir and in the air of confined spaces, such as buildings and 
lines, the oxygen has been found to vary beyond the limit 
rst mentioned, falling as low as 20.36 per cent in mines. ^m 

^ has been thought by aome that at extreme heights the 898 |^| 
ir may be slightly richer in nitrogen owing to the slight ^H 

ifierence in the specific gravity of the two gases, but this ^^ 

oea not seem to be established by evidence. A sample of 
ir collected at the height of 15,500 meters (51,000 feet) by 
aeans of an " aerophile " in February, 1897, gave 30.79 per 
■ent of oxygen by volume and 79.21 per cent of nitrogen, 
nduding argon (Cailletet).* 

L* Comptes Kendus, March 8, 1897. ^ 
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I Air & miztiiTe. — That the nitrogen and oxygen are free 
and not combined in air is proved by the following 
facts : 

(1) Their relative quantity is Biibject to alight bnt nn- 
mistakable variation. 

(2) Tlie density of air is equal to the mean density o( 
the two gases, reckoned in their respective qnantities. 

(3) Each substance dissolves in water according to its 
own degree of solubility, and, since oxygen is considemblj 
more soluble than nitrogen, air which is dissolved in wata 
is richer in oxygen than is undissolved air, the proportion 
of oxygen by volume being increased fi-om 21 to 35 per cent 
It is upon this dissolved oxygen that fishes and other gill- 
breathing animals depend. 

(4) By drawing air through a rubber membrane, the 
proportion of oxygen may be increased to 42 per cent 
(Graham), 

(5) Nitrogen and oxygen may be mixed in their due 
proportions without evolution of heat or change of volume, 
and the mixture shows all the properties of air. 

(6) Air may be liquefied, and even frozen, and, when 
the temperature of the mixture is allowed to rise slowly, 
the nitrogen, having the lower boiling point (—194°), yol»- 
tilizes first, and soon the liquid becomes nearly pure oxygen 
— boiling point —183°. 

I LiqnebctlDa of air.— Air was liqneBed in 188S, bnt only in sohU 

quantity. Quite recently ttie process has be«n operated on a WT 
much larger scale and more cheaply, ao that it has been proposed W 
make liquid air a. commercial article, and to apply it to a great TarifT 
of purposes. In Dewar's metliod o( liquefni;tion the gas is put uni* 
pressure of 130 to 140 atmoBphcras, and passed through coils of coppK 
pipe which arc inclosed in a vessel whose walls are protected ■gtif'' 
the passage of heat by layurs o( noii-oonducting material. The ooi'' 
are cooled to —80' by soJid carbon dioxide. The gas thus brongbfl" 
this low temperature is allowed to escape through a small hole, and it* 
sudden espauaion still further reduces the tera|ieratnre of the esoapiW 
gas which is conducted over Die (loils. By this means the 
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ed in the latter is reduced to lower and lower temperatures, until it 
efies and drops into a receiving vessel. This is protected against 
iss of heat by a double wall, the space between the two walls being 
tious. 

C. Argon 

The next constituent of the atmosphere following nitrogen and 896 
rgen in quantity is argon. It was not discovered until 1894, having 
m previously reckoned and identified with the nitrogen, although 
\rendish, in his investigation of the ratio of nitrogen to oxygen, sug- 
}ted the possibility that something other than nitrogen was present 
small quantity. In an elaborate investigation of the density of 
ses, Lord Bayleigh determined with great accuracy the weights of 
ual volumes of nitrogen obtained from air by removal of the oxygen, 
d of nitrogen obtained by five different chemical reactions, with the 
Uowing results : 



Nitrofcen by chemical 


Nitrogen from 


decomposition. 


air. 


2.3001 I 


a^ams. 


2.3103 


2.2990 




2.3100 


2.2987 




2.3102 


2.2985 




Mean, 2.3102 


2.2987 






Mean, 2.2990 







The means showed a difference considerably larger than any proba- 
e error of determination, and this led him to suspect the presence of a 
savier gas with the atmospheric nitrogen. Associated with Professor 
imsay he passed the nitrogen from air over hot magnesium, which 
kes up nitrogen, and thus obtained a small quantity of gas which 
3uld not combine with magnesium nor with oxygen by the electric 
ark. This was the new element which they named qrgon (signifying 
active). It has since been found occluded by several minerals and a 
eteorite and dissolved in some mineral waters. It is present in air to 
e extent of 1 volume in 100, and therefore the percentage of true 
trogen must be reduced to 78. (Argon = 0.94 ^ of air, Schloesing.) 

The gas condenses to a liquid which boils at - 187% and solidifies to 397 
hite crystals which melt at —190°. One hundred volumes of water 
iaeolve about four of the gas, which gives it about the same solubility 
* oxygen. Its specific gravity is 19.81 (Ramsay, December, 1898). 
^ of the many attempts to make it enter into combination have 
"fled ; its chemical properties other than this are therefore unknown. 




According Cc 
19.81, but oertair 
some to indicBte 



GBy-Lussan'a law ita combining weight should be 
phyaical properties wliich it poss 
19.S3 as the proper value. 



Olher New Elements in the Atmospheri 



»98 



I 



Bamsa; has stated tliat he bos succeeded in separating other gW 
ous substances from air, which, at the present stage of investigslion, 
appear to be elements hitherto unknown. They may suitablj' be man' 
tioned In connection with argon and air, although their general prop- 
erties have not been sufScientlj determined to permit of full descrip- 
tion, nor indeed has tlieir existence been established beyond doubt. 

JVeon (signifying new) is the name given to one of these. lt*U 
obtained by liquefying 18 liters of atmospheric argon by memt tt 
liquid air, und subjui:ting the liquid to fractional distillation. Sep- 
arating the more volatile portion and redistilling it, Ramsay flnsUr 
(1898) obtained a gas having a specific gravity of about B.5 (H = 1) bdI 
more volatile than nitrogen and argon, and differing from them also a 
other properties. He estimates its quantity as 1 volume in 40,1X10 
volumes of air. Like argon, it shows certain physical properties vhicb 
lead some to the conclosion thut 19.0 rather than 9.5 should be reck- 
oned as its combining weight (Chemical News, September SS, 18SS). 

399 The same investigator thinks he has evidence of three additi<»^ 
gases in the less volatile portions of the liquid, which consisted in &t 
main of argon, all coming from the atmosphere. These he has nund 
krypton (signifying hidden), mtlargon, and ixenon (signifying ihs 
stranger). They are present in still less quantity than the neon, Tu 
metargon he gives a specific gravity about the same as that of aigW' 
The evidence seems not yet sufHcient to establish the esistenoe and ele- 
mentary nature of these three substances (December, 1898). 

400 Helium is the name given to a substance which, on the evidence rf 
the spectroscope, was supposed to be present in the sun. After fl' 
discovery of argon in 1894, Ramsay found this substance— i. e., WS"" 
— present in a gas which is obtained from certain minerals and wWol" 
had previously been regarded as nitrogen. In so doing be fooad 
(March, 1805) still another gas, the spectrum of which was identified 
with that of helium. The presence of the latter substance on the eafl^ 
had not before been noted. Then, in December. 18B8 (see Cheiili»l 
News, January 37, 1899), he found helium with neon in Ihe crude arg* 
from air. It has also been found in a number of minerals and miM(* 
waters, and, like argon, in a meteorite. Its specific gravity (H = 1) * 
1.98 (Ramsay, January, 181*8), As in the ease of argon, no attemptoW 
make it enter into combination have succeeded. It shows thestuD 
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Aysical property which is possessed by argon, oeon, and metargon, and 
Mb tact lends some to think that its combining weight also should be 
taken as twice tlie specific gravity. 

Its boiling point is about the same as that of liquid hydrogen 
[Dewar, 1898), and it dissolves in water to the extent of 7 Tolumea 



taym. 



8. FLTTOBINB 



Natnral occurrence. — Fluorine was first isolated in 1886 401 1 
by Moissan. It is found in nature only in combination. Its 
compound with calcium, CaFg, is known a.Bjttiorite orfiuor 
ipar,- and is quite abundant. Cryolite, AlFj(NaF)3, is 
broaght in large quantities from Greenland. Combined 
fluorine alsa occurs minutely in bone, blood, the enamel of 
teeth, and in sea and mineral water. 

PrepaxatioiL— Moissan obtained it by electrolyzing in a 402 I 
liibe made of platinum and iridium, and at a low tem- 
perature ( —23°), pure anhydrous hydrogen fluoride, HF, 
miied with potassium fluoride, KF. 

Properties. — It is described as a greenish-yellow gas of 4081 
» peculiar odor, probably due to the formation of ozone 
rten fluorine comes in contact with moisture. It condenses 
at the temperature of boiling liquid air to a clear yellow 
liquid, which boils at — 187°, does not solidify at — 310°, 
Wa density of 1.14 (water = 1), and is soluble in all pro- 
portions in liquid air and oxygen. 

The gas at ordinary temperature combines with hydro- 404'fl 
gea explosively, and attacks substances which contain hy- 
^gen, forming hydrogen fluoride or hydrofluoric acid, 
HF. From water it liberates oxygen as ozone. Indeed, it 
Combines with nearly all the elements, and at lower tem- 
perature and with more energy than does oxygen. It is 
the moat reactive substance known, and its properties make 
tt extremely dangerons. With oxygen no compound has 

11 obtained. Reduced in temperature to —190°, it does 



not react with carbon, water, mercury, glass, nor some 
other HTibstances ; but it still reacts, accompanied by incan- 
descence, with hydrogen and with hydrocarbons like tur- 
pentine. In the course of the experiments which gave these 
remarliable reeulta aome drops of liquid fluorine fell npoD 
the floor, instantly setting the wood on fire (Moissan and 
Dewar, November, 189"?). 

I Hydrufluaric acid is made by the action of sulphuric sciil 
on a fluoride — e. g., calcium fluoride, CaFg : 
CaFi, + HjSO, = CaSO, + 2HP. 

I It is a colorless, fuming liquid, boiling at 19°. Tif 
density of the gas, slightly above 19°, indicates the formula 
HeF,, but at 100° it indicates HF. It is one of the nwi^l 
corrosive substances known. As a gaa it is intensely poi- 
sonous to inhale, and in contact with the skin it produces 
most painful sores. Those dealing with it protect them- 
selves with rubber gloves and apron. It dissolves moatuf 
the metals, forming salts — the fluorides— and it dissolves 
also the substance of rocks, like sand and granite, whirfi 
is a silicate, it also attacks glass, which is an artificial 
sUieate, forming with the silicon a gaseous silicon fluoride- 
SiFj, hence its use in etching. It is very soluble in wattr, 
and its solution comes into commerce stored in bottiesof 
rubber or of eeresine (a natural paraffin). 

g. BODrtTH 



' History. — The element, sodium, waa separated trom caustic vAt- 

its hydroside, by Davy in 1807. It was a reniarltable discovery, » '^^^ 
caustic soda had been regarded as cleiueiitar)'. ' 

\ Natural ooonrrence. — The element is not found free, but 
occurs abundantly, chiefly in the chloride, common Ba^*" 
This is found in sea water, constituting about three p^"^ 
cent of the same; also in mineral waters, and in exteaa*^* 
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ids of '^ rock salt " in the earth's crust. The nitrate, oar- 

onate, sulphate, silicate, and other salts of sodium are 

DUiid native, and it is sometimes a constituent of plant and 

nimal organisms. 

Preparation. — The element was originallj separated by 4M 

)ayy from its hydroxide by electrolysis. Later its manu- 

acture was greatly cheapened by a process which consists 

•f heating to a high temperature — a white heat, in iron 

ylinders — a mixture of sodium carbonate, coal or charcoal, 

nd chalk (calcium carbonate). The reaction is thus ex- 

ressed * 

Na^COa + 2C = Nag + 3C0. 

The liberated sodium is separated by distillation. This 
lethod was improved in 1886 by Castner, who used sodium 
f droxide and a mixture of iron and pitch (giving, perhaps, 
carbide of iron). By heating, is brought about this re- 
*tion : 

eifaOH + 2C = 2Na + 6H + 2NagC03 ; 

id the sodium is distilled as in the first process. Still 
ter, since the cheapening of electricity, the older process 
• electrolyzing the fused hydroxide is coming into use. 

Propertiea — Sodium is a soft, white, crystallizable metal 410 
■ Bilverlike luster. Its specific gravity (solid) is 0.98, and 

melts at 96° and boils at 742°. In dry air it remains ' 
citamished, but in moist air it oxidizes, and when heated 

burns with a brilliant yellow flame, forming both the 
monoxide, Na20, and the dioxide, NagOg. It combines 
ireotly with fluorine, chlorine, bromine, and iodine. It- 
ecomposes water at ordinary temperature, liberating 
hydrogen and forming the hydroxide, NaOH, a base. For 
ihese reasons it is kept under kerosene or some similar 
liquid. By heating in hydrogen, a hydride is formed, 
^ftgH (?). Sodium combines with carbon, forming the 
carbide NasCs, which with water yields acetylene, and it 
forma with nitrogen the nitride Na^X, which with water 
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yields ammonia. The dioxide does not form salts, bat it 
readily yields one half its oiygeii, and is ased somewhat ae 
an oxidizing agent. 

Sodinm has a considerable indnstrial nse in obtaining 
other metals like magnesium and alnminium from their 
chlorides and in processes involving the removal of oxygen 
(redaction). 

. 9a. Sodium Chloride, NaCl 

i It has been already stat«d that this sabstance is fonned 
by direct action between the elements and by the action of 
hydrochlorio acid on the metal and on its oxide and hjdroi- 
ide. Bnt it is the most abundant of all the compotrnds of 
sodinm, and therefore is the available natnral sonrce lof 
those manufactured compounds which are in commemi) 
demand. It some parts of the world it is mined and 
brought to the surface lite other rock- In other places it 
is obtained by the eraporstioD of strong solutions or brine. 
In warm countries even sea water is evaporated by eip"* 
ore to the sun and wind in order to obtain the salt which 
it contains, and in some eoid coantries repeated freesing iB 
resorted la, since removal of the ice, which is relatirely 
free of salt, tends to concentrate the solution. Salt is {ffO- 
dnced in one way or another in many places, and tb* 
agingate is enormous. Perhaps the best known tfl^ 
regions in this country are tho^ of central Sew YaA aa* 
of Michigan. 

I Sodium sulphate, caletnm sulphate, and nt^neeni' 
chloride often accompany oommon salt as impsritieB, a^ 
the last £nt«tance causes it to be deUtjneecent. Pc' 
sodium chloride does not show this propeztr nnJeaa in •> 
satorated with moisture. It crv^tallixea ia cabes witlioO 
water of crystallixatioa. melts at S51'' (V. Merer), av' 
TolatHiies at a eliglith' higher temperature. One hundrv 
graBts of vaUrdkaotve 36 giauLS of salt at 0~, and 40 gnv? 
at 100°. 
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9b. Sodium Carbonate j NazCO^ 

This substance is fonnd in nature, but not in sufficient 413 
uantity to meet the commercial demand, and its manu- 
EK^ture constitutes one of the most important of chemical 
ndustries. It is known also as soda, soda-ash, sal-soda, and 
cashing soda. Until 1793 its commercial source was the 
whes of sea plants. At the time of the revolution France 
vas cut off from her supply of this important article, and 
the Government called upon chemists and manufacturers to 
oaake public their processes for making it from common salt, 
rhe method invented by Leblanc proved the most success- 
ful, and is still in use without essential modification. The 
English manufacture, which has since become very exten- 
nve, was started in 1823 under the Leblanc process. 

The Leblanc procesa — This, although somewhat compli- 414 
cated in the practical details, is simple in the fundamental 
reactions which are involved. It consists of three stages : 

(1) The " salt-cake " process. — This consists in making 
sodium sulphate from the chloride by the action of sul- 
phuric acid. The first reaction is 

2NaCl + H2SO4 = HCl + ]SraHS04 + :N^aCl. 

When the temperature is further raised, the second reac- 
tion takes place : 

]SraHS04 + NaCl = 1^9,2^0^ + HCl. 

The hydrochloric acid is condensed in water and thus 
kecomes a by-product in the manufacture. The salt cake 
consists of sodium sulphate to the extent of 96 or 97 per 
cent. A considerable quantity is used in making glass. 

(2) The ^^hlacJc-ash^^ process. — Salt cake, 100 parts, 
liiuestone or chalk, 100 parts, and coal, 50 parts, are mixed 
*^ heated in a furnace to about 1,000° under suitable cou- 
pons. The reaction which takes place is in the main as 
bHowB : 



CO.. H 
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(») Xa^O, + 2C = Xa^ + 2C0,. 
(b) Sajs + CaCO, = Xa,CO, + CaS. 

The black »eh appears aa a brovnisb-blsck porous mate] 
and contains from 37 to 45 per cent of eodlam carbou 
about 30 per cent of calciiun sa]|Aide, CaS, and from ' 
10 per cent of calcium oxide, CaO, and many other t 
stances in smaller qnautitv. 

(3) TVeatB^fni nVA tenter. — The parpi»e of this is 
dissolre the carbonate and lesTe the golphide, bet nude 
aUe iMCtion between the gabetances is likely to occ 
especially if too mnch vater is used or if the temperat 
riseB above 60°. The solution thus obtained is enbmit 
to Taiioos porificatioDs, is further concentrated, and fiiil 
deposits crystals of erode carbonate. These, dried i 
ignited, mre " $od»4^~ and by i»«olation, pori&cstion, i 
rajstalliiaiion yield the "soda crystals," Xa^O^lOB 
still aoBkewhat impore. 

IW Silnj ■WW fnent.— Since 1&73 lai^ qu 
tin of sodimn cailxxiste hare been made by this 
proce^. It consists of saturating brine (L e., a s<datw 
sodium chloride) vith ammonia, cooling the solntion. 
then passing in carbon dioxide. The reaction is 

XaCl + XH, 4- CO. + H,0 = XaHCO, + SH.CL 

The add carbonate, bein^ le:^ foinble than the 
chloride, is separated by preciprtstioo. The reaction is 
com|dete, aboat one third of the sodiom chloride being 
From the acid carbonate is obtained the norm^ 
boBate by heat alone : 

2SaHC0, (heated) = X»,CO, + CO, + H^. 

"nie carbon dioxide thns recovered is osed over af 
From the ammonium chloride the ■"■m^" is also 
end with some loss : 

2XH.C1 + Ca(OH), = 8NH, -r Can, - iH/>. 
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By this proeesB is pn>dnoed m sod^-Ash of ^S or 9$ per 
^cnt puitj. 

These two aie the chief commercial methods of pn>dii(s 41C 
mg Bodinin cazbonate, vhich is consumed in gi>eat qiuan- 
titieB, finding use in the tn^lrTng of glass, of soap, of caos- 
tic soda, and for many other industrial and domestic pur- 
poses. 

The dry salt ia hygroscopic bnt not deliqnesocnt, melts 417 
it red heat^ and at higher temperatui>e Tolatiiizes. Its 
solution has alkaline reaction. 

Sodium acid carbonate^ XaHCO^. known also as bicar- 41S 
bmate of soda and as baking soda, loses carbon dioxide and 
water at a comparatively low temperatore. and for this rea- 
son is used as a constituent of baking powder. 

9c Sodium Hydroxide, Caustic Soda^ XaOH 

This substance is made from the carbonate or from the 419 
crude material at a certain stage of the Leblanc process by 
femoYing the caibon dioxide through the action of lime. 
Ca(OH)s. ^ dilute solution of the crude carbonate is 
brought to boiling temperature, and lime is added with 
constant stirring. Calcium carbonate is formed, and. with 
the other insoluble material, is allowed to settle, and the 
liquid, after yarious purifications, is concentrated in iron 
pots by boiling until the temperature reaches about 260**, 
when the mass becomes rerv stiff and contains nearly 64 
P«r cent of sodium oxide, Xa^O. At this stage air is blown 
^ or nitrate is added, in order to oxidize the remaining 
^phide. The mass is kept in a fused state for eight or 
tirelye hours, by which impurities of iron, aluminium, and 
*iKcon oxides settle to the bottom. Tlie clear liquid is 
^len ladled off into iron drums or other suitable vessels, 
^ which it solidifies on cooling. In this form it appears 
^ commerce. It is also produced in granular condition. 
(Compare No. 546.) The commercial article may contain 
•8 much as 95 or 96 per cent of the hydroxide, and as 
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impurities some carbonate, sulphate, chloride, silicate, and 
alumiuate. It ia used extensively in soap-making, plpe^ 
making, bleaching, in the manufacture of dyestufla and of 
wood pulp, in refining oil, and in many other operationi 
(Lunge, in Thorpe's Dictionary of Applied Chemistry.) 

) The purer material for chemical purposes often appean 
cast in sticks. It is a white crystalline solid which absorba 
water and carbon dioxide from the air. It melts and 
volatilizes. It is very soluble in water (about 2 parts to 1 
of water), diesolTiug with evolution of heat. A crystal- 
lized hydrate, SNaOH'THjO, is obtainable, which diBBolves 
with absorption of heat. The hydroxide is a powerful 
base, and ita solution is much used in the laboratory. 

I Of the other salts of sodium, the sulphate occurs natn- 
rally, and its manufacture has already been described. It 
is known sometimes aa Glauber's salt. The nitrate, knomi 
aa Chili saltpeter, is found abundantly, and is valuable ss a 
source of nitric acid. It is also converted into potassiuni 
nitrate, which is used extensively in making gunpowder. 
The borate — i. e., borax — has been referred to in connec- 
tion with boric acid. 

D. General Sdrvey 
I Nine elements have now been considered deacriptiTclj. 
and there will be gain in taking a general view of tb^it 
properties for tlie purpose of comparison, first with refer- 
ence to some physical properties. As to condition at or»^ 
nary temperature, it is to be noted that the first one « 
gaseous ; then follow four which are solid ; the next tht* 
are gaseous, and the ninth is solid. Closer examination »* 
to this matter, by comparison of melting or boUing poio** 
(see Table VT, No. 433), shows that among the solids t^^ 
melting point tends to rise with increasing combini'e 
weight for the four— lithium, glucinum, boron, and carbon t 
and then to drop to a low value for the nest one — namelj' 
sodium. H 
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I Aa to combining volume — that is, the volume in cubic 42( 
altimeters occupied hy the combining weight measured 
in grams — it should be recalled that these volnmes are 
approsimately eqnal for the elements in gaseous condition 
(Law of Gay-Lnssac); for solids and liquids the case is 
different. In column III are given these combining vol- 
amefi. They are equal to the combining weight divided 
by the specific gravity of the solid or liquid. It is to be 
MBerred that they go decreasingly from lithium through 
fcbon, and then increasingly to sodium. 

g Comparison as to the chemical relations is next made, 12i 
md of these, first as to the fact of combiimtton with other 
elements, forming binary compounds — i. e., compounds of 
two elements only. It is interesting to note that all the 
elements so far considered exist in binary compounds 
with hydrogen and with chlorine, and all except fluorine 
with oxygen. This leads to the question : May each ele- 
ment combine with every other one? Now, the metals, 
like lithium, glucinum, and sodium, as a general rule, mix 
with each other in the liquid condition and form what are 
Jailed alloys, but there is more or less doubt whether these 43& 
ihonld be reckoned as chemical compounds, or as phys- 
oal mixtures. Furthermore, the existence of borides of 
ithinm, of glucinum, and of sodium seems unproved, 
lilthough not improbable. With these exceptions, it may 
>e afGrmed that each element is known to exist in binary 
jnibination with every other one, so far as concerns the 

■J« io readiness of comhination — that is, the readiness '. 
winter directly into combination with other elements — 
lydrogen combines directly with lithium, but only on 
leating, and the heating must be continued, or the reac- 
.lon ceases; similarly with glucinum. Direct union be- 
'Weeu hydrogen and boron seems not to have been observed. 
With hydrogen and carbon, the union takes place only nn- 
^ the influence of the electric arc ; similarly with nitre- 
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gen. With hydrogen and oxygen, direct union takes place 
on elevation of temperatnre, and the reaction is continaous, 
while explosive union with fluorine takes place at ordinary 
and even very low temperatures. With sodium, direct am- 
bination is effected m in the case of lithium. 

427 Oxidation in the case of hydrogen ia already consid- 
ered ; with lithium it takes place at slight elevation of 
temperature ; with glucinum, boron, and carbon at higker 
temperature; with nitrogen only under strong electric 
influence; similarly with oxygen (formation of ozoae); 
with fluorine not at all ; and with sodium ahont the eame 

428 as with lithium. Indeed, with the exception of sodinm, it 
would seem that the elements so far considered enter into 
comhination with each other the more readily as they are 
further removed from each other in the list. 

429 As to energy of combination, comparison may be msde 
by noting the qaantities of heat liberated in combining 
with oxygen, and also with chlorine. These values, » 
far as determined, are given in columns VI and VIII. In 
both instances it is seen that the values tend to iucreKC 
to a maximum and then decrease, and that the change is 
very marked in passing from fluorine to sodium. 

430 As to capacity of combination : By comparing the for- 
mulas 6f the chlorine compounds in order (column VII),!' 
is seen that the coefficient of the chlorine symbol, begin- 
ning with one, increases to four for carbon, then decreaees 
to one for sodium. The capacity of combination thus ilii* 
trated is named vahnee. It is an important phenomenfflii 
and calls for some further consideration (Xo. 434). 

431 A^ fi) base-forming and acid-fonning oxides: For coft- 
venience the basic function may be represented by the pi" 
sign and the acidic by the minns sign. The facts are tho* 
tabulated in column V: Lithium oxide acts only as baWi 
the oxide of glncinum acts primarily as base, but in tb* 
glucinates as acid ; that of boron is primarily acid, bat i* 
the compound, BPO4, seems to act as base ; those of 
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Jon and nitrogen show no basic function ; that of Bodium 
3 basic only. The disappearance of the basic function, 
ie appearance of the acidic, and the reappearance of the 
'ormer with sodium are very remarkable. 

It will be recalled that this descriptive work has been 432 
ntrodnced under the general topic, " The relation between 
ihe properties in general of the elements and their corn- 
lining weights." But up to this point there has been no 
■Dggestion as to the nature of the relation. The clew to 
iMs will perhaps be seen in this general survey, but it will 
lot be formulated until later in the course. It is recom- 
nended that the student in the meantime bear the ques- 
lioii in mind, to see if he can not, by following the clew 
iheady given, trace the development of the relation in the 
»ntiuuation of descriptive facts soon to be presented. 

433 
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fcE. Valence 
e valence of an element is by definition its capacity 134 
. _ jbination, as measured by the multiple of the com- 
bing weight of hydrogen which enters into combination 
ith the combining weight of the element in question. It 
I seen, therefore, in the coefficients of 11 in the formulas of 
lie hydrides— for example, HF, HeO, H3X, and HjO. Hy- 
TOgen being made the unit, it is assumed that the capacity 
Mmbinjition of one gram of this element is the same 
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in all compoiinda. The four hydriiiea just mentioned m 
gaseouB, and their formulas are well established tj the 
law of Gay-LuBsae concerning vapor deneities ; but the bj- 
drides of lithium and glncinum are not gaseous, and the 
composition of boron hydride is not yet well eetabliabed. 
Of many other elements also it ia true that they do not 
form hydrides, or that the composition and vapor densitj 

435 of the same are not determined. However, most such ele- 
ments do form chlorides, and chlorine and hydrogen must 
have the same capacity of combination, since their com- 
pound has the formula HCl established by quantitatiye 
relation both in weight and in volume, and by the speeifio 
gravity of the gaseous compound. Chlorine, therefore, 
may be taken as the measure of valence when hydrogen 
is not available. The series of chlorides ia exhibited ii 
column VII. 

486 Better to appreciate the basis of valence, let the argu- 
ment he recalled which led to the choice of certain mul- 
tiples of the equivalent weights to be used as combining 
weights of the elements (see Nos. 136, 137, 150, and 151, 
Part I). This choice was determined by relations of spe- 
cific gravity, of specific heat, of depression of freezing point 
and elevation of boiling temperature in solutions, besi^M 
others which were not specified. In addition, it was stated 
that the choice was greatly strengthened by the relation o' 
the elements as to their properties in general. The force 
of this relationship may now be seen. Carbon was the 
element then used for illustration, and the choice (w 
combining weight of the multiple by four of its equivaleit 
weight was in question, since the specific gravity of gaBSOUi 
carbon is unknown. It is now evident that were any other 
multiple chosen, the position of carbon in the aeries of el* 
ments would be changed, and the remarkable progreseion 
of properties brought out in this general survey would 
disappear. From this point of view it is seen that the 
measure of valence is found in the factor by which th* 
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luivalent weight is multiplied to produce tlie combiniug 
■eight. 

Clearly, then, the valence of elements is beat determined 487 
1 their binary compounds with hydrogen or with chlorine, 
'hose whose combining capacity is equal to that of hydro- 
en or chlorine are called monads, and are said to be univa- 
mt ; those which have twice the capacity of hydrogen or 
hlorine are called diads, and said to be bivalent j corre- 
pondingly, those which have three, four, five, six, and 
BTen times the capacity of hydrogen are named respect 
?ely triads, tetrads, pentads, hexads, and heptads. The 
djectives are trivalent, guadrivalenl, quinquivalent, sexiva- 
<k(, and sepiivalent. 

Statement I. — The valence of a given element may vary 488 
1 combination with the same substance ; for example, in 
ydrogen dioxide, HjOj, the valence of oxygen appears to 
e one half that of the same element in water, HjO ; so also 
18 valence either of carbon or of oxygen must vary in the 
impounds, CO and COg ; and the valence of nitrogen or of 
[ygen must vary in the compounds, X^O and SO. In- . 
»d, every instance of multiple proportions must indicate 
'parent variation in valence. 

Statement If- — The valence of a given element may vary 489 
Cording to the substance in combination with it. Thus 

oxygen is a diad, then nitrogen in the substance, NO, I 

1st act as a diad ; hut in ammonia, JljN, it is certainly a 
ad ; in ammonium chloride, NH4CI, if it be granted that 
Jr fifths of the capacity of nitrogen is taken with hydro- 
n and one fifth with chlorine, the nitrogen must be act- 
^ as a pentad. 

Statement III. — Valence must influence the phenome- 44ft 
of substitution as well as that of combination. Thus 
hium and sodium are univalent in their chlorides, LiCI 
id SaCl. They must therefore act as monads in the re- 
aeement of hydrogen from hydrochloric acid and other 
oAi. This is seen again in the nitrates, LiNOj and Na- 
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NOj, in the carbonatee. LijCO, and X%COj, and in the 
acid carbonates, LiHCOj and XaHCOj. Concerning raag- 
ncsiuni and zinc, let it be recalled that 2i grama oi one aud 
65 grams of the other replace 2 grains of hydrogen ; ibej 
are therefore diads, and their chlorides are MgClj and ZnCI,, 
their nitrates Mg(XOj)iand Zn(N O3)., and their carbonatfs 
MgCOjand ZuCOj. In other words, the capacity of combi- 
nation has the same value as the capacity of sabstitntion. 
(Compare Law IV, Equivalent Proportions.) 
*11 Statement IV.^-The valence of a compound is regM^ai 
as dependeni. on the valence of its constituents. If rte 
maximum valence of these is not exliansted, then the com- 
pound may add to itself some substance, or combine addi- 
tirelif, as it is espressed. Thus the capacity of 14 grams pf 
nitrogen is not exhausted in ammonia, XHj, dnce the lat- 
ter combines with hydrochloric acid additively, fonning 
ammonium chloride, XH,CI, in which the capacity of nitifr 
gen is Cibaasted. So also nitric oxide, 2sO, takes on oij- 
gen and becomes the peroxide, XO, ; and CO becomes bj 
combustion COj . The same is seen in compounds of gresta 
complexity, for sodium nitrite, NaSOj, becomes by oiid*- 
tion the nitrate, SaXOj. Those substances capable of addt 
tive reaction, and therefore possessing a residual valeneft 
are calletl Mtmaiurated, the others saturated. 
441/a ^altment V. — The phenomena of oxidation and ^edn^ 
tion (see Xos. 47',, 4S, and 208,, Part II), in which one 
substance takes the oxygen that another sabstance giT« 
up, involve, as is evident, a change in valence. Thus when 
ferrous oxide, FeO, is changed to ferric oxide, FejOj, <" 
when ferrous s-ilt^ are changed to ferric salts by the oifS^ 
which nitric acid rields, the active valence of the iron 1* 
increased from two to three and that of the nitrogen >* 
reduced from five to two. for that of the oxygen is reckoned 
as constant. The terms oxidation and reduction are some- 
times applied to similar changes in valence when the ele- 
ment oxygen is not »t all involved. Thus the 
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TCtuic to mercurous iodide by reaction with added mer- 
ry may be spoken of as redaction; and the change of 
5Tcurous to mercoric iodide by reaction with added iodine 
sometimes designated as oxidation, although this seems 
L mif ortunate extension of meaning. 

Review Problems 

1. How many grams of hydrogen should be liberated by the action 441/1 
10 grams of pare sodinm on water f What is the volume of this 

ass at 0° and 760 millimeters (one liter of hydrogen weighs 0.0699 of 
gram at 0** and 760 millimeters) f 

2. Suppose that 10 grams of pure carbon are burned in oxygen, how 
Qch does the product of combustion weigh f What is its volume (one 
«r = 1.98 grams) f What is the volume of the oxygen contained in it f 

3. What is the specific gravity of methane (H = 1) f What is the 
ilnme of the combustion products from one liter of methane f What 
their total mass f 

4. Suppose that one liter of water vapor is passed over hot carbon 
id completely decomposed, what is the volume of the products taken 
ider the same conditions of temperature and pressure as the water 
iporf 

5. What is the specific gravity of ammonia gas (H = 1) t Suppose 
le liter of dry ammonia gas is to be obtained from ammonium chlo- 
de,how may it be done, and how much of the latter substance is theo- 
tically needed f 

6. What is the ratio between the masses of dry ammonia and pure 
dium hydroxide, which in water solution neutralize equal quantities 

hydrochloric acid f 

7. How mnch dry sodium carbonate is needed to make 10 grams 
sodium nitrate f To make 10 grams of sodium chloride t 

8. Assume that one gram of diamond is completely burned, and the 
odnct of combustion completely absorbed by sodium hydroxide, how 
uch carbonate is thus produced ? 

9. Assume that carbon dioxide is liberated from the carbonate thus 
foduced (problem 8) and completely reduced to carbon by hot magne- 
ttm, how much magnesium oxide is thus produced ? 

10. As between 26 grams of acetylene on one hand, and on the 
'W 24 grams of carbon and 2 grams of hydrogen which the former 
^ntain, which gives out more heat in burning? (See No. 57, Part 1.) 

As between methane and acetylene, at the same price per cubic foot, 
'bich is the more effective fuel, assuming complete combustion in both 
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caaeal (See Ko. 57. The rormftUon heat of methane is 21,800 caloriei| 
What is tho ratio o( efflciBucy t 

11. Assume that " natural gas" is pure methane, that pure c&lciaiD 
carbide is obtainable, that one cubic foot of acetylene weighs 1.1? 
ounces, and that the cost of water is zero — at what price pfir poond U 
for the calcium carbide would acetylene be as cheap tor fuel as " nsto- 
ral gas" at Gfty cenis per thousand cubic fcctt 
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! History. — Magntsia was distinguished from lime in 1755, but T)*T 
was the first to separate tite metallic element. 

[ Natural occnirence. — It is not found free, but is abnudant 
iks a couatituent. The mineral dolomite, which is very 
abundant, is the carbonate of magnesium and cstlciimi- 
Magnesite is the carbonate. Asbestos, talc, or Bospatone, 
and meerschaum contain it as a silicate. The sulphate is 
known as Epsom salt and is found in mineral waters, as 13 
also the chloride. It occurs in small quantity in the plant 
and animal organism, and the spectroscope shows it pres- 
ent in the sun. 

\ PreparatioiL^It is obtained from the tuaed chloride bj 
electrolysis and by the action of sodium : 

MgCls + SNa = Mg + SNaOl. 
It is puriSed by distillation in hydrogen or coal gas. 

i PropertieB, — It is a metal of a clear, white color. It is 
malleable, and when heated it is ductile — that is, it c-an be 
hammered or rolled into thin sheets and drawn into wire. 
Its specific gravity is only 1.75. It melts at red heat, W 
to 800°, and boils at about 1,000°. It does not oxidize in 
dry air and only superficially in moist air. Heated in flif> 
it bums with an intensely brilliant light, which fact » 
made use of in signaling, in pyrotechnics, and in pho- 
tography. The oxide, MgO, is produced in burning, snA 
if the oxygen be insufficient, considerable nitride, Mg|Nn 
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I also produced by direct union with the nitrogen. It 
otnbines when heated with hydrogen (MgH ?),* with 
oron, carbon (MgCs), nitrogen, oxygen, fluorine, chlorine 
MgCle), bromine, iodine, silicon, phosphorus, and sulphur. 
t slowly decomposes boiling water and ia qnickly acted 
ipon by dilute acids. Its energetic combination with oxy- 
:en makes it a powerful reducing agent. 

Its sole oxide, MgO, known also as magnesia, appears 41S 
;enerally as a fine white powder, almost insoluble in water, 
lut soluble by dilute acids with the formation of salts. It 
oelta and crystallizes only at extremely high temperature, 
lut does not decompose ; it is therefore the most service- 
,ble material for the construction of electric furnaces and 
or similar uses. Its boiling point is not far above its melt- 
ng point (Moissan). With water it forms the hydroxide, 
tfgOallB, which ia only sufficiently soluble in water to give 
ilkaline reaction with litmus, and which dissolves in acids, 
3Ut not in potassium or sodium hydroxide. 

Of the salts of magnesium the following are the most 447 
important commercially : The chloride, MgClr ; carbonate, 
MgCO,; nitrate, Mg(X03)2; and sulphate, MgSOj. 

11. ALUUINIUIH 



Al.^BB.B 



f ffi«(ory.— Alum, a salt of aluiniiiium. was known to the alcheniiEts, 448 
wwr and Paracelsus. Much later, in 1754, it was learned that the 
°Htby base of alum, which was named alumina, is unlike that of lime 
Md the same as that of cIq)'. But it was not until 1S2T that the element 
■as obtained ti-om its oxide, alumina. Its name, therefore. comes from 
i's salt, alum. (The spelliiiE, aluminum, is in eqnallj good usage.) 

Hatuial occuirence. — It Las not been found free ; bat as 448 
8 constituent, next to oxygen and silicon, it is the most 
"bundant and most generally distributed of the elements 
in the earth's crust. The oxide, AlsOj, constitutes corun- 

' Winkler. Ber. Chem. Ges., 24 (1891). 
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dum, and when cryBtallized the ruby (red) and the sappljire 
(blue). Bauxite is the hydrated oside, AljO(j-2HgO, with 
iron oside. As silicate, alumina is present in veiy msnt 
minerals — e. g., feldspar, granite, garnet, mica, slate, soap- 
stone, and clay. Cryolite is a fluoride, AlgF(-6NaP; tnr- 
quoise, a phosphate. It is found in fertile soils and tOBome 
extent ia taken np by plants (Berthelot). By the spectro- 
scope its presence in the sun is revealed. 
4o0 PreparatioiL— Wiihler obtained it by reaction between 
dry aluminium chloride and potassium; Bunsen and Be- 
ville in 1854 by the electrolysis of the fused chloride; nu! 
Deville about the same time by the aetion of sodiofflon 
the fused double chloride of aluminium and sodium. In 
consequence mainly of the latter's work it was prepared in 
quantity promising a commercial supply, and bis method 
remained for thirty years practically the only one in use, 
Before considering more fully the manufacture of the metal, 
it ig best to study its properties and some of its compounds. 

451 Properties.— It is a white, lustrous metal with a specific 
gravity of 2.58 (cast) or 2.7 (hammered), which is reimirt- 
ably low as compared with that of zinc 7.1, tin 7.3, iron 7.8. 
copper 8.9, silver 10.6, and lead 11.4. It melts at about660° 
(Holman, 1836), and volatilizes only at the extremely liigli 
temperature of the electric furnace. In compact condition 
it gives out a peculiar sound when struck. Like oUier 
metals, it is a good conductor of heat and electricity, h 
may be worked, like gold and silver, into very thin leaf of 
0.000638 millimeters (one forty- thousandtb of an inch) i" 
thickness, and it may be drawn into very fine wire. It hftfi 
groat tensile strength as compared with other metals, and 
this and its low specific gravity make a combination of 
properties very valuable in mechanical applications. 

452 Aluminium does not easily combine with oxygen. I' 
tarnishes very slightly in air, and even when melted o^' 
dizes only superficially, but at white heat it burne bril- 
liantly, forming the oxide, AlsO,, If in the form of very 
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n leaf, it bums more readily. In compact form the 
tal does not appreciably decompose water even at red 
it. But this, like the diflSculty of direct oxidation, is 
>bably due to the formation of a film of oxide which pro- 
ts the metal from further action. If this protection is 
need or removed, the reaction goes on. Thus the thin 
f slowly decomposes water at 100,,° with the liberation of 
Irogen. Likewise, if a soluble salt of aluminium be 
tsent in the water, the action goes on, for the protecting 
a is dissolved by the salt. If the metal is dissolved in 
rcury, or if the clean surface is simply rubbed with mer- 
7, it decomposes water at ordinary temperature. With 458 
irochloric acid the pure metal reacts readily, form- 
: the soluble chloride and hydrogen; but with dilute 
phuric acid and with nitric acid the action in ordinary 
cumstances is inappreciable ; but it goes on progressively 
the metal is finely divided, or if the pressure of the 
Qosphere on the surface of the liquid is removed, so that 
J liberated hydrogen is free to escape from the surface of 
J metal. It dissolves readily in the presence of sodium 
oride and other chlorides with the addition of a little 
e acid, such as acetic. In solution of sodium or potas- 
m hydroxide it dissolves easily, liberating hydrogen and 
ming the aluminate in which its oxide acts as acid to 
J alkali base (NagO-AlgOa, and KgO-AlgOs). In ammo- 
im hydroxide the action is slower. 

The metal combines directly vrith fluorine, chlorine, 454 
unine, and iodine, forming AI2X6 or AIX3; also with 
•on, carbon, (C3AI4), nitrogen, (AIN), silicon, and sul- 
ur, (AI2S3). A compound with phosphorus, AI3P5, has 
m obtained. [L. Frank and Eossel, Ber. Chem. Ges., 27 

m).] 

The commereial metal. — The presence of impurities changes consid- 455 
y the properties of the metal, both physical and chemical, and there- 
e the descriptions by different observers vary greatly according to 
' sample examined. The usual impurities of the commercial metal 
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are iron, siUoon, carbon, nitrogen, aod sodium. Their [iresenoe prob- 
ably tends to make the impure metal harder, and of higher melting 
point, to reduce the tenacity, mallaabilitj, and ductility, and to increiB 
the readiness to react chemically. 

456 Alloys. — This is the name given to the compionnda ormixtareBof 
inetals with metals. In many cases fused metals may be mixed in lU 
proportions, and in some instances there seems to be real chemical 
union, as Bhawn by the evolution of heat and the formation of crfSUl- 
lizahle compounds of definite composition. Still, the true nature at 
alloys is not at all well understood. 

457 Aluminium forms alloys with readiness, and thejjiiw 
special interest. Although a small percentage of iron in 
aluminium deteriorates it, on the other hand a small pw- 
centage of aluminium in iron and steel is advantageonB. 
Aluminium forma alloys with copper in all proportiont 
The one containing ten per cent of aluminium is known u 
"aluminium hronze," It rivals the best steel in tenacitj, 
is very hard, easts well, may be highly polished, and reaiBti 
corroBion well. These properties adapt it to many nsetnl 
applications. 

458 The oxide, alamioa. — The eingle oxide of aluminium liu 
the composition AIeOj. Its natural occurrence as oornn- 
dum, ruby, and sapphire has already been mentioned. Emerj 
is an impure form containing iron. Alumina is madebj 
burning the metal, also by drying the hydroxide. ArtifioW 
rubies and sapphires are made hy dissolving alumina in 
fused barium fluoride and allowing it to crystallize. A 
trace of chromate is added to make the ruby, or of eobslt 
oxide to make the sapphire. The crystals thus ohtaiaw 
have all the properties of the natural crystals. They ar^ 
next to the diamond in hardnesa. The oxide in the amor- 
phous condition is a white powder. It melts and volatilises 
in the heat of the electric arc. It is insoluble in water,bnt 
dissolves in acids and in sodium and potassium hydroxides- 
By strong heating its density ia increased, and it is lesS 
readily acted upon chemically. It acts both as a base-form' 
ing and as an acid-forming oxide. ^^m 
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The hydroxide, AlgOg-SHgO or AlgOgHg. — This appears as 469 
fc white gelatinous precipitate when a solution of a hydrox- 
de, as that of sodium, or potassium, or barium, is added to 
i solution of an aluminium salt : 

AlgCle + eXaOH = AlgOgHe + eNaCl. 

[t is insoluble in water, although a peculiar, allotropic 
form is soluble, but it dissolves in acids, in sodium hydrox- 
ide and potassium hydroxide, and in the solution of a nor- 
mal aluminium salt, in the last case forming a basic salt, 
[t dissolves but slightly in ammonium hydroxide. Besides 
the tri-hydrate, the di-hydrate, AlgOa-SHgO, and the mono- 
liydrate AlgOa' HgO. occur as natural minerals. 

ITses. — The hydroxide has a peculiar property of uniting, either 460 
Jhemically or mechanically, with many dyestuffs. If the solution of 
i dye is added to the solution of an aluminium salt, or of an aluminate, 
ind the hydroxide is then precipitated, it carries in many instances 
)he color stuff into the precipitate. This mixture is called technically 
i"lake." By means of this property, dyes are " fixed " in textile fibers 
^hich otherwise would not retain the color. When the hydroxide is 
deposited in or upon the fiber and there retains the dye, it is called a 
'lUordant." The aluminium compounds find extensive use as mordants. 

Aluminium salts. — The chloride, when anhydrous, is vola- 461 
^ile without decomposition, and its vapor density at low 
temperature indicates the formula AlgCle, and at high 
temperature AICI3 . It is soluble in water, but can not be 
'ecovered from solution by evaporation, as it loses acid and 
becomes the hydroxide. 

The sulphate, Al2(S04)3, is the most common of the 
alts. With the alkali sulphates, it forms double salts 
vhich crystallize readily. They are called the alums, com- 461/1 
ttion alum being K2S04- Al2(S04)3-24H20. The same term 
lias come to be applied to the similar double sulphates with 
other bases than aluminium — e. g., iron and chromium. 
Common or potash alum is found as a natural mineral to 
some extent, and is manufactured in large quantity, being 
'wed not only as a mordant, but in the making of leather, 



i 



of paper, of fire-proof material, etc. Its manufacture sue/ 
use as a mordant are of great antiquity. 

The ealts with silicic acid — i. e., the silicates — ocenr in 
great variety as natural minerals. The carbonate and the 
sulphide are not formed in the presence of water. 

lla. The Manufacture (if Aluminium 

4113 The properties of tliiit iiietnl whieh prutnised to give it wide 

applicability in the iiacFul arts, if it could, be producod cheaply eoDugli. 
und the abuudanoe of its orea have led to innumerable attenipte, mm 
or less successful, to reduce the cost of its production. For about 
thirty yeara after ita introduction — that is, until about 18SS — the pro- 
cess of Deville, at Salindres, France, furnished practically all tbi 
sluminium of commerce. In Ibis process the ore used is bauxit«, con- 
taining about 50 per cent of aluminium oiide, AliOi. and 25 per wbI 
of iron oiide, Fe,Oj. Four steps are involved in the process : 

(1) The formation of sodium aluminate. This is effected by iiQit 
ing the ore with sodium carbonate in a furnace. The reaction is 

A1,0, + 3Na,C0, = (Na,0),Al,0, + SCO,. 
The aluininate by its solubility in water is separated from the iron of 
the ore, the presence of which is very objectionable. 

(3) The production of the oxide free from iron. This is iccoiii- 
plishecl by saturating the water solution with carbon dioxide, when 
the following reaction takes place: 

(Na,0),AI,0, + 3C0, = A1,0, + 3Na,C0,. 
The alumina precipitates, and nearly the whole of the ori^nal caltot" 
ate is recovered from the filtrate. 

(3) The conversion into chloride. The washed and portly drie" 
alumina is mixed with sodium chloride nnd charcoal, and the mittK'^ 
is moistened with watfir and worketl into balls. These are completely 
dried, heated to redness, and treated with chlorine gas. The followicS 
reaction takes place ; 

A1,0. + 3C + 6CI = A1,CI. + 3C0. 

The chloride and the salt form the double chloride AliCli-9N'»C^' 
which, being volatile, distills. 

(4) The reduction of the chloride by sodium. The double chlorio* 
is mixed with cryolite (In serve as flux) and sodium. The miitoT* 
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LYiickly introduced into a red-hot farnace, and the reaction takes 
36 with great energy : 

Al,a. + 6Na = 2A1 + 6Naa. 

len the reaction is finished and the mass is in quiet fusion, the melted 
bal separates at the bottom of the furnace and is drawn off and cast 
lesired. 

There were thus produced 1,800 kilograms in 1872, and the selling 463 
36 was $20 per kilogram. By 1886 the cost had been reduced one 
f, and the English industry was competing with the French, but by 
improved Deville process. From 1883 to 1888 an industry was 
eloping in Germany -which returned to the electrolytic method of 
asen and Deville, cheapened by the availability of dynamic elec- 
lity. The fused chloride, or fluoride, was the material employed. 
Two methods of American origin have special interest for their 464 
spicuous success. That of Hall (Pittsburg) was patented in 1889. 
is improves the earlier electrolytic methods by dissolving alumina in 
ised mixture of aluminium salts and others, and electrolyzing only 
former without affecting the solvent. He was able to reduce the 
36 in 1889 for aluminium, 98 per cent pure, to $4.50, and later to $2 per 
md, which in 1887 had been $8. The Cowles (Cleveland) process was 
ented in 1885. In this, as in the Heroult Swiss process, which dates 
m 1888, the aluminium is not produced pure, but in alloy with some 
er metal such as copper. Alumina and carbon, and the other metal, 
•per, in coarse mixture, are placed in a rectangular furnace (Cowles 
•cess) so arranged that the powerful electric arc from carbon poles 
ikes through the mass. The great temperature of the arc liquefies the 
ss, and alumina is reduced, either by the action of the carbon, or by 
3trolysis, or by both combined, and in fused condition it alloys with 
copper and is drawn off at the base of the furnace, carbon mon- 
de burning at the top. (Thorpe and J. W. Richards.) 
In 1896 the world's production of aluminium had increased to 466 
39,000 kilograms, and in 1897 to 3,400,000 kilograms, and the price 
i been reduced to 60 cents per kilogram. (R. Meyer's Jahrbuch.) 

12. SILICON 

Si.— 28.2 

History. — Silica, the oxide of silicon, and minerals containing it, 466 
reused in remote antiquity for glass-making. It was long considered 
ftn earth like lime, but in 1660 the fact was observed that, unlike 
'^ substances, it could not neutralize acids, but acted rather like an 



acid, combinjag icitli alkalies. Its compaucd uature was BunniEed 
Ijavoisier, but Berzelius in 1810 first obtained the element, although* 
impure eonilitiim. In 1823 bo obtained the pure substance. 

Natural ocoarrenoe. — The free element has never beei 
found uutive, but as oxide, SiOj, it is next to oxygen the 
moat abundant element, constituting, according to estimate, 
one quarter of the earth's mass. Sand, quartz, agate, flint, 
and opal are forms of ailioa, while most rocks, except tie 
carbona,tes, are mixed silicates. Silica is found also in 
plants, eepeciuU; the grasses, and in animals to someeitect, 
; Preparation. — It is obtainable by reaction between alu- 
minium, or magnesium, and silica in the electric furnaee; 
also by the reducing action of carbon on silica at this higli 
temperature ; also by the action of aluminium or of sodiom 
on silicon chloride : ^H 

SSiCl, + iAl = 3Si + SAlgClo. ^M 

SiCU + 4Na = Si + 4NaCl. ^ 

But the processes are difficult, and the element is therefore 
rare. 
I FropertieB. — It exists in three conditions, the amorphou^i 
the graphitoidal (like graphite), and the crystalline, thu* 
resembling carbon. The amorphous silicon is a dark-broff" 
powder, with the specific gravity of 2.15. It fuses aP' 
volatilizes only at extremely high temperature. It is inso 
uble in water and in acids other than hydrofluoric, a.* 
soluble in sodium and potassium hydroxides. With hydt 
fluoric acid, it forms hydrofluosilicic acid, thus : 

Si + 6HF = HnSiFc -|- 4H. _ 

And with alkalies it forms silicates : ^| 

Si + 2NaOH + H^O = Na^SiOa -f 4H. m 

When heated in air, or in oxygen, silicon burns brilliant' 
forming the dioxide SiO.. It combines directly at ordin^ 
temperature with fluorine, forming SiFj, and with chloric 



XBSCRIPTION OF ELEMENTS AND COMPOUNDS 175 

^\ifexi heated, forming SiCl4. Besides the latter chloride, 
tiie following have been obtained : SigCle, SiaCls, Si2Cl4. 
(Compare with the hydrocarbons Nos. 278 and 279.) The 
liydride, SiH4, is a gas which under some conditions takes 
fire on contact with air,- burning to water and silicon diox- 
ide, SiOg. A compound with carbon, SiC, has already been 
mentioned (No. 258). At least one with nitrogen is known, 
probably, of the composition SigNg (?), and one with sul- 
phur, SiSg. With many of the metals silicon combines 
directly. 

The crystallized silicon is steel-gray in color, hard 470 
enough to cut glass, has a specific gravity^of 2.5, and is less 
readily acted upon than is the amorphous. 

Silica or silicon dioxide. — This substance is formed by 471 
the oxidation of silicon, and by the dehydration of silicic 
acid. The native silica, quartz, is found often in trans- 
parent crystals, very hard, sometimes white and sometimes 
tinted. It is frequently named rock crystal. Amethyst, 
agate, onyx, flint, homstone, jasper, and opal are varieties. 
It also exists in amorphous coiidition, both native and arti- 
ficial, the latter a fine white powder. It may be melted in 
the oxyhydrogen flame, and in the electric arc it boils and 
volatilizes. It is insoluble in water, but dissolves in hydro- 
fluoric acid. If the latter is anhydrous, the gas, silicon 
fluoride, is formed : 

SiOg + 4HF = SiF4 + SHgO. 

H water is present, the fluoride is decomposed, forming 
silicic acid and fluosilicic acid, thus : 

2SiF4 + 3HgO = HgSi03 + HgSiFe + 2HF. 

It is by virtue of these reactions that hydrofluoric acid at- 472 
tacks glass, which is a mixture of silicates. The amor- 
phous silica dissolves in the alkaline hydroxides, only 
slightly in that of ammonium, also to some extent in the 
alkaline carbonates, in both cases forming soluble alkaline 



i 



silicates, in which it acts as acid. In one compoand— 
namely, SiO-'pBOo-4H20 — it wovild seem to act as ba^e to 
phosphonis peiitoxidej which ia certainly acid (Htrnte- 
feuille). 

473 Bilicio add and the silicateB.— Silica is an acid-foTmisg 
oxide, combining witli water in varying proportion, and 
forming a series of silicic acids. The simplest one — audit 
may be taken as typical of the rest — ia HjO.SiOg, or H^iOi, 
sometimes designated as metasilicic acid. This is obtained 
as a white gelatinous precipitate ty adding hydrochloric or 
other acid to a solution of alkaline silicate : 

NasSiOj + 3HC1 = H^SiOj + 3NaCl. 

This precipitate ia soluble in sodium and potassium hydroi- 
ides, and in excess of hydrochloric acid, less so in ammo- 
nium hydroxide. By drying and heating, it loses its water, 
and the anhydrous silica does not dissolve by hydroehlorio 
acid. The ailicic acid may also he obtained in a form ffhicli 
ia aoliible in w;it<;r, but which ia unstable and is thrown 
into the insoluble form by the presence, even in small qnan- 
tity, of various substances, the change liberating heat- 
Whether this is an allotropic form or a different hydrate i* 

474 not known. Silicon dioxide combines with metallic oiideB 
in great variety of ratio and complexity, forming the almost 
innumerable silicates which make up the greater port of 
the earth's crust. The silicates of the alkalies, sodinm and 
potaasium, are soluble in water, although in solution thej 
are decomposed by carbonic acid, and even by water itself 
in dilute solution, for the silicic is a very feeble acid. To 
keep them in solution, therefore, requires some excess o' 
the alkali base. Silica occurs in some natural waters, either 
as soluble silicic acid or as alkaline silicate. To the bIC 
deposition of silica from such solution ia due probably the 
formation of ailieified or petrified wood and shells, verj 
beautiful samples of which are often found. The non-alk8^ 
line silicates are insoluble in water. ^_ 
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The comparison of silicon with carbon is extremely in- 476 
eating ; in its predominating quantity and in the char- 
teristics which it imparts to its 'compounds, the former 
Bms to bear much the same relation to the mineral world 
at carbon bears to the world of living things. 

12a. Some Uses of the Silicates 

Solable glass. — This is sodium or potassium silicate, or a mixture of 476 
two. It is made by fusing 3 parts of silica mixed with 2 parts of 
assium carbonate, or with 3 parts of sodium carbonate ; or by heat- 
silica with a solution of caustic alkali under pressure. It forms a 
isparent non-crystalline mixture, which is soluble in water. If the 
portion of silica is increased the fusing point is raised, and the 
iuct is not completely soluble in water. It is used as a cement, 
Jcially in the making of artificial stone ; also as a constituent of 
its, particularly the fireproof paints ; and it is sometimes put into 

58. 

llaas. — The origin of glass-making is lost in antiquity. In Egyp- 477 
tombs have been found articles of glass and pictures of men who 
engaged in glass-making and glass-blowing, showing that the art 
it have been invented before 2000 B.C. An urn of white glass, 
imented with colored glass, dating from the seventeenth century 
, has been found, and glass lenses have been discovered at Nineveh, 
jtophanes, a Greek writer, refers to the use of a glass lens as burn- 
glass. Cicero mentions Egyptian glass, and in the time of Au- 
:us tribute was paid in glass, so highly was it valued. At Hercula- 
m and Pompeii window glass has been discovered which was made 
' blowing." Glass was used in church windows as early as a. d. 674. 
the sixteenth and seventeenth centuries Venetian glass, especially 
: of Murano, became famous throughout the civilized world. In 
sixteenth century the Bohemian industry began to flourish, favored 
he accessibility of unusually pure material. Bohemian glass is still 
ferred for chemical ware, owing to its resistance to corrosion by 
jents. The famous plate-glass industry of France was started in 
8. 

Glass is a mixture of silicates, varying only as to the bases. Soda- 478 
e silicate is used in window and in bottle glass, which, in the cheaper 
des, is tinted green by the presence of iron. Potash-lime silicate is 
d in the Bohemian, in the German plate, and in the French crown 
S8. It is less fusible and less acted upon than the soda-lime glass. 
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In flint glass or crt?tal the base is lead and potodi or sod*. Tii 
Twiety has a higher specific gfarity, luster, and refrsetiTe powet, mo! 
ia more fnsibtd^iid more easilj acted upoa than the olhei^ 

479 For filica. sand is used, which for bdt bat the cheaper grade at gins 

most be free o( iroD. Sometimes arseoions oiide, or mangaoese diuiidi 
or potaasiam nitrate is used to cooDleract the effect of the inuL Tin 
alkali, if potUBinm, is -ased as carbonate; if sodium, it b nsEdwEV- 
boiMte,<ir as iIm svlpfcaie «hicb is prulnced in one sUge ottbcLe- 
Umk proevss. Tbe attempts to use the chewier chloiide hare not bMi 
mm III infill Tke kad is ani^tlitd ttsnaOv as red lead or anutiin, FbA 
l^w tto Kae mUmt datk or Inestane B used. 

Mt Gim ia nada white and b^idnDcnl by adding a mixlnn of tit 
and lead, or bf addi^ ananie or botx ad (c*lrinni pbcqibile) * 
h w eakiam Ivide. Cokmd ^asca an made bj Ibl 
rariovES MeUDk asida ia iiaall qaaotit;— blae bj ttf 
per w cofaalt; aaetkjtf ^ la a a g MWiB B; gR^ t? a niittue of inn 
wmd fionac; jtaUoiw mm^Ihb b^ adfins vagd ^ a, eatboi^, wH' 

The pneas omaiAia hiMlaift fta lajNtifa uxteie tn pc<s<'G»' 
II 1^ til a hi|b UMpiiMma ffiitiia |.hni i iiiaallj aiiii T lith ''" 
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nae<l into desired shapes, and heated in a, furnace to high [«mpera- 
IK, nhen the more fusible portion, the flux, melts and cements the 
hole EDto a bani, translucent material. This is less corroded by 
kemjcals and less liable to crack by heating than is gloss, and so is a 
latsrial very useful for chemical operatious. The factories of Meissen 
nd of Berlin are fatuous for tbeir chemic-al ware, while Sevres and 
then are noted for artistic porcelains. 

lEdnnnrB is disling-aished from porcelain in being opaque, tar it is ' 
at heated lo so high a temperature, and the Hux does not penetrate 
le material as in porcelain. JEarlhenwars is of common elaj and is 
irdeued by heat without fusion, and therefore remains porous. The 
irtRce may be glazed by a subsequent operation. This is sometimes 
»omplished by throwing salt into the oven at the end of the firing, 
he salt volatilizes, is decomposed, and sodium aluminium silicate is 
mned and fused on the sorface. Bricks, terra-cotta, and tiling are of 
N Bme general character (Roscoe and Thorpe). The use of sand in 
tr and cement will be referred to in connection with ealcitira. 
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BSWory. — Phosphorus was discovered by the alchemist Brand, of 484 
■Bliuig, in 1069. For many years it remained a rare and costly 
■riority. In 1771, Scheele. a Swede, made it from bone ash and 
Katlj reduced the cost. This still remains the commercial source of 
le element. 

Hatnral occurrence. — Free phosphoruB is not found na- 48S 

iw, owing to its readiness of oxidation. As pentoxide, 
'jO„ it exists in all phospliates, particularly in the min- 
rals pkosphorile and apatite, which are phosphates of cal- 
inm. As such it is also a constituent of fertile soila and 
t natural waters. It is an essential element in plants, 
«ing contained especially in fruits and seeds. In animals 
' IB a part of the brain and nerve substance, and, as cal- 
ium phosphate, constitutes nearly the whole of bone aah. 
I is a waate product of the tissue which is consumed 
Q the animal organism, and it is excreted us sodium 
utUQonium phosphate. It has been found in meteoric 
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4S*/i Frepatatun. — Phosphorus is prepared by removing the 
oxvgen from the pentoiide contained in a phosphate. 
The redttcing snbstance is commonly carbon. For mow 
detailed description eee Xo. 499. 

4M Properties. — It exista in at least two allotropic foioia, 
commonly designated as the yellow and the red. The so- 
called yellow phoephorns, before it has been esposed much 
to the light, is white and translucent, somewhat like par- 
affin in appearance. By L-xposare, the surface film becomes 
opaque, while the interior may still be ttanfilncent, bal 
reddish yellow. By long esposare the color deepens. At 
about 15°, phosphorus in hardness and consistency reseni- 
bleg wax, but at lower temperature it is brittle. Its specific 
gravity is 1.8 (HjO = 1). For its peculiarity of vapor.deiiBity 
compare No. 93. Under water it melts at W, but other- 
wiae ftt 30°, and at 34° in air it takes fire. It sublimea at 
ordinary temperature, if in a Tacnous tnhe, and forme 
whito rliombic crystals. In a non-oxidizing atmoBphere it 
lioila ut 260°, and its vapor is colorless (Readman-Thorpe). 
It in riwlconed as insoluble in water, yet it imparts its p«al- 
livr odor to water in which it has been immersed ; and if 
tho wnter which covers the phosphorus is boiled, the latter 
llowly (liHtilla with the steam. It is very soluble in carbon 
dlmilphiile. from which it may be crystallized, 

4NT II in:iiilii», \\n already stated, at a very low temperature, 
Hiiil hiinixwith abright, white light, the chief product being 
I'aOg. It 1h nocessarv to keep it and manipulate it under 
WHii'i'. niiit the utmost caution against fire must be eiH^ 
t'lumt (ii ilH wnp. When exposed to moi^t air it gives onti 
^lt'hl^^ lijilU which m«_v be seen in a darkened room. In- 
dwiU (( lonk it« \\*xiw, signifying light-be&reF. from this 

IN* |ih>|i|irl^V whioll in ckIKh) fik*»fikor»frtnrt. It is supposed to 
lit' A\w \\\ RlttwtkxidHtiMn, but. singularly. It doesnot sbo'in 
itti«\dHt«^l,v (Iry oir. ww i« mwst »ir. below 0°. or at incresaed 
fUVMttns wvw W\ \\vtrt \viy^tn bok»w 15'. if at ordinsij 
l»r«Mmw* i 1»\v( it th* )>tv»Mr» U rrdttoe-i, '-Tuim-isity relun* 



le phosphorescence is thought to be somehow associated 
th the formation of ozoue (or of peroxide of hydrogen), 
ice it is prevented by the presence in traces of such siib- 
.nces as destroy ozone. It decomposes water when heated 
Irli steam to 250°. It combines directly with fluorine, 
lorine, bromine, iodine, forming PF3, PF5, PCI3, PClj, 
irj, PBr,,, and PIj; also with sulphur in a great variety 
proportions, including FJij and P^Sj ; with most of the 
tals, forming phosphides, e. g., XajP and K3P. No eom- 
md with carbon nor with silicon is known, and the exists 
!e of one with nitrogen is not fully established. With 
Irogen, PH3 and others are known. 

Phosphorus (the yellow) is extremely poisonous, one i 
th of ^ gram proving fatal. In much smaller doses it 
ised as a medicine. Those who are habitually exposed 
its fumes are subject to a dreadful disease which results 
the rotting of the bones of the jaw and nose. Burns 
de by it are very painful and difficult to heal. 
Hed phosphorus. — When the yellow phosphorus is i 
ited, not in contact with oxygen, to 240° or 250,° it is 
mged to an allotropic form known as red or amorphous 
)sphorus. A lower temperature brings the same result 
I trace of iodine is present, and a higher temperature and 
isanre hasten the change. Other conditions also bring 
about to some extent. It appears as a reddish-brown 
ffder, or in hard, brittle, opaque lumps of the same color, 
may be crystallized by heating under pressure to 580°, 
en it melts and, on solidifying, crystallizes. It has no 
w, and does not fume nor phosphoi'esce. It does not dis- 
n in carbon disulphide nor in other solvents. Its spe- 
io gravity is 3.35. 

At about the temperature of its production, 360°, it 4 
Mges back to the yellow form witfr the liberation of heat, 
does not ignite below 240°, and is much less reactive 
m the yellow. It is not poisonous, being excreted appar- 
tly without absorption or change. 



I 
I 



1:Im. Thf Oxidfs of Phosphorus and ihfi 
Tho following oxides and acids hare been described: 
Acids. 



No M'id. 

P,0-3H^. hTpophospfaoroos acid. 
P,Oi-3HiO. pboepbocDos acid. 
PtO^iHfi, hypaphoaplMrio acid. 
PASHA P 



P.O 
P,0? 
P.O, 
P.0, 
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md this in turn, by evaporating the esceaa of water 
T the acid to about 215°, is converted, although 
limpletely, into the pyrophosphoric acid. The relation 
^ three acids may be seen in the following eqnatjons : 

Pi + HaO = HjPaOa, metaphosphoric acid. 
0,-)- 3HsO = HiPjO,, pyrophoaphoric acid. 
5, + 3HaO = HePaOa = SHsPO*, orthophosphoric acid. 

rthophosphoric acid may be obtained in crystallized 495 

ttion by the evaporation of its water solution, and the 

posphoric may be obtained in the form of anamorphous, 

Ike substance, or it may be crystallized. Both are 

Watile (?). The metaphosphoric acid appears in com- 

fi as a white, glasalike solid, called " glacial phosphoric 

It is volatile at a bright-red heat, and its vapor- 

f indicates the formula HjPjOb (Tilden, I89«). All 

icida form salts, the most important being the ortho- 

KteB, and at these the caleinm salt is perhaps the 

mportant. The hydrogen of the orthophosphoric 

" ~ ~ , may be substituted by metal in thirds at a 

that with sodium, for example, the three salts are 

;, NaHjPOi, XaaHF04, and Sa^PO,. 



13b. Other Compoundu of Phosphorus 

—That hydrogen and phosphorua combine ' 
■ has been stated and denied. However, the corn- 
It PHj, phosphorus trihydride, or phosphine^ or phos- 
1 hydrogen, has been obtained by other means. It 
i by the action of water on some metallic pbos- 
3 ammonia is formed by the action of water on 
IHetaUic nitrides ; also by boiling phosphorus with 
t or potassium hydroxide solution. It is a gaa with 
elike odor, only slightly soluble in water, easily eom- 
I, with no action on litmus, but acting as a feeble 
. combining with some acids— a. g., hydrochloric. 
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forming a salt, PH3HCI, analogous to ammonium ohlorii 
NHaHCl, and uamed phosphojtium chloride. 

Another hydride, PbUi (compare NgH,), is a liqnid t 
ordinpry temperature, and its vapor inflames on conlac' 
with air, A third (P4Hj ?) of undetermined composition is 
solid at ordinary temperature. The existence of anolliw 
solid hydride, P3II, has beeu claimed by some. 

Chlorides.— The trichloride, PCI3, ia a colorless liqiii 
and the pentachloride a yellowish solid. Both are formed 
by direct union with chlorine, and both react energetically 
with water, forming phosphorous and phosphoric acids; 

PCI3 + 3HsO =: HjPOs + 3HC1. 
PCI, + 4H,0 izz HsP04 + 5HC1. 



13c. The Manufacture of Phosph<yi-us and of Matches 

i The emde phoaplidtei. — Commercifil bone ash ccutaiiie tniiD !7la 
21 p6f cent of pbosphorus pentoxide ss tricalcium ph()9|)hat^, C&, |E>0.)i, 
A salt insolabic in water. This material is esp«i?iall; preferred in iii>^' 
iag phosphorus. A similar crude phosphate is obtained as abj-prodtut 
in malting; gine ; for the bones are treated with dilute hydcecblcnE 
aoid, which dissolves out the inorganic portion, Cai(POi)i, leaving tii* 
organic part, from which the glue is made. From this acid golntiMi 
calcium phosphate is precipitated by adding limewater. The P*ti*' 
ealeium phosphates, more or loss impure, known as apatite and pho* 

I phorite, are available. The former is found in Spain, Prance, fft* 
~ " 3, Canada, South Carolina, Florida, and elsewhere. A phoapli*^ 
of aluminium and iron from the West Indies is anotlier source. 

iB-uakln^.— Whatever the crude material, it isfineljgmu'' 
and rained «*ith crude sulphuric acid in vata made ot wood, heavily mI* 
for protection. SulBcicnt acid is added for the following reacticni 

Ca,(PO.), + 8n,S0. = aH,PO. + 3CaS0.. 




After the misture has been thoroughly stirred for some time, the •' 
soluble ealoium sulphate is separated bj- filtration through bflJl ' 
ia washed with water, and then drained Hnd dried. It is Wd 
nioaliy known as "sludge," and ia used in making fartiliMTB. H 
acid liquor is concentrated, mixed with coarsely gronnd charooil ' 
coke, or with sawdust, and slill further dried. It is (hen li-ansferred ' 
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tetortfi of fire-clay, holding from 20 tt» 30 pounds, and broiurhi tc- l 
^g\i temperature, nearly white heal. The onhophosjihoric- acsic i? thut 

first convened into the meta acid, and tills is reduceAi by ibf- (tartiriL a.^ 

thus expressed : 

HaPaOe -r 6C = 2P -f ^X) -r 2H. 

The phasphoms distills from tiie retort, and is condensed uncier wau-.:. 
ItispHiified by redistillation in an iron retort, or by irearnifrj* Lir-j*;: 
water with dilute sulphuric acid and potassium bicLromiu^;. i»,:}L ti'rk- 
tion through canvas. It is then remelted and cast ih 'jt^rfic ^-.r;;- 
always under water, and packed in tin cans. whicL art- f -jei » .:r. wik.:>? 
&nd hermetically sealed. 

A more recent method, made practicable by iUt'h^f.'jif': f-.f/tr;.'-.:;- . ^f^t 
uses the latter as source of heat in a modified ejecirir j;-rrjii."/.. 'I tr*- 
mixture of crude phosphate, carbon, and a flux l^ao:.!* :>t sfc:.- . .. .> 1f<. 
into the furnace and heated direct) v bT the elcfiric arr- : :ri(- T.r.'/.*r.>.-'.r.-.?' 
and other gases are distilled off. and tlit meirea rfsii-jf- '.r *.v > 
drawn off at the bottom. The process may thus r< frirrj--'; CiT. c:.r,:\r;- 
nouslyfor days. Phosjihorus is largely C(»n5umed :l iht- TLbz.v/.fWr*.Tf- ci 
matches. In smaller quantity it is used in mediciijf . ir. IL(- \kh:rkU>ry. 
and in Tarious other ways. ("Readman-Thcfrpe. 

fBlilina. — ^It has been stated that phosjihate is a r-oriSiiiur-.r.t r.f ^M 
fertile soiL being taken up by plants as a necessary pan c-f their Upct(\. 
It is important, therefore, to restore to the S(.»il that which is thus tAkeri 
ftx)m it. This is done by phc»sphate fertilizers which supji'y caicium 
phosphate in one form or another. F»esid€»s the ] ihosphat cs a'rciidy men- 
tioned as crude material in preparing the elemcnr. tht- phosj-hiUrs from 
some other sources are utilized. Guauo is the excrement ai;d carcasses 
of sea fowl, more or less modified by time and exposure. It is f-Mind 
in large deposits in Peru. Chili, and in ('iher pc^rtions of Sc-uth Amer- 
ica, in South Africa, and elsewhere. Fr-i^m sctme of this maieria.. the 
nitrogenous cont^jnt has Vjeen washed C'Ut and thf residue is rich in 
calcium phosphate, sometimes containing as much as 85 pier c^nt of 
^epentoxide. Phosph-aflc slap is a waste material produced in the 
removal of phosphorus from pig-irtiii by means of lime. This contains 
from 10 to 25 per cent of pent oxide, mainly as the calcium salt, and has 
^en successfullv utilize*! as feniiizer. Practicallv all of these crude 503 
niaterials furnish only the tricalcium phosf)hate, Ca»iP04i2. which is in- 
soluble in water. Sr^me of them, especially the guanos, slag, and bone 
*8h, may be applied to the s^.'i! without other treatment than piulveriz- 
^g. But others. like the ri^ck phosphates, are treated wiih sulphuric 
*cid after fine grinding, and the phosphate is changed lo the monocal- 
cium salt which is soluble in water, and therefore more quickly and 
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uniformly distributed through the soil aud taken up by plants. IZ 
rvaotious involved are seen in the following equations : 

(1) Ca,^P04^« + 2H,S04 = CalUiPO*), + SCaSO*. 
i;2^ Ca^PO*^, + 3n,S04 = 2n,Pc)« + 3CaS04. 
G^ Ca,^PO«^, + n,SO« = Ca»n,( P0«), + CaSO*. 

The aim is to brin^ about the first reaction chiefly, but the second k 
allow eil to take pla^v lo some extent. The dicalcium salt is insolufali^ 
and thert'fore nothing is gained by the third reaction. The soluUi 
sail prvxhuwi in the prvves^ is called technically supfrphasphate. !•■ 
for^' usinc :ho sulphuric acid, the crude material is dried and Tvy 
llnelv ly^wvlenxl. It is then thon>u»:hIv mixed wirh the acid in suitaUi 
quantiTy. After the ivaction is over, the mixture solidifies. It ■ 
further drltxi at aK'^u: li*5 ar.i a^n 4:r::;r..i to rowder. when itii 
iCH Txa^iy fs^r the r.'.arke:. The prvou.t ^n keci:::^ is subject toachaifi 
v-a".t\i - n:'v^'rs::^;:,~ whivh taki> :la,.'e if :r:u cxi-ie cr alumina is pwi- 
t::t, a:*., I th«* rvsu'.t :*. whuh is tha; the sclurle rh.-erhate passes Uek 
:r.to the tr-calviur.*. sa'.:. 4r.,i :r.>c".uh".e rhcsrhite :t ir::: cr of alaminioB 
:< vrwv.u-tv.. Vhfr*-. a'.thv u^ r.:c ustlsfs. are l*s? valuable than the 

iUi Xa:i:lMi i^h .•!^: h. r^s was irsc .is^fc f :r =iaiizi: naiohes. accordinf 

:. s. ' .. ::: ISCV^ :" Vir s ^^ .-chfr? :t j> sCAteo that the Irst frktioD 
*.v a; , • , > , '.• : : a: • ■- r c : : w ; r: :**dk: f :~ I>l7. alsc :~ Parisw Other cli»" 

'k'^TCs .\. ,. ,^ , .. ;-. .v. ..^ .. ...'._ .«. . &>.'^ >.?*:. *A?' .-.T vCLft* %HMO ■■ 

iVi-r*!. .s^' uv :." '.>^.\ 1"-.: .v.l:>:v. r*s --.c f":L:^:> i:<i I^eed « hto 

V" ■ ^- >.** * \» * !^ ^ ,V *"■ ■ A. ■ T*.'. '.'■ ' ", * "SC ' '.* T'l-'*' t !2 •* fr. " "S .; f w>»d bid 

. v\-. * • 4 ■• \ .:*; / ».*■: — • ■( <i.\.y'r' -.i. '.•.-rAi^s.in jhl:r»tt; 
a ■-•. VA-:*. .I- • .;'■ ...I .- '■...;",: - ^ itfs T si~-Irarirr. The W 
>..".>> >%. . * -Si. ' -.^ v."^ "■ ' t""^ >..':f<sfi. :ct in iSM tta 

• >. ^ >»-■ V ^^ .\ » i" • i O"- -Sl i"' ■-•f. Ki r*. IS :xaiilii 
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I PropertieB. — Sulphur exists in at least three allotropA? I 
forma — the rhombic, the monoclinic (referring to cijaOi- 
line form), and the plastic. 

1 Rhombic or common sulphur. — Sulphar in this fonn is 
deposited bj cryBtallizotion from solution in carbon dianl- 
phide. It \s yellow, has the Gpocific gravity 2.05, is inaol- 
uble in water, and melts at 114°. ' 

! MonocUnic sulphur ia obtained by crystallization from 
fusion, and from solution in some solvents. Its epeoiSc 
gravity is 1.96, and it ia soluble in carbon diaulphide. 
This form is not stable at ordinary temperature, bat 
changes into the rhombic ; as a result, the crystals, which 
are at first clear and transparent, become opaque, owing to 
their breaking up into minute crystals of the other rariety, 
although tlie external form is preserved. This chai^ is 
accompanied by the liberation of heat. On the other hand, 
the rhombic crystal is similarly changed into moQOclinie 
when kept at a temperature between 100° and 114°. 

I Plastic sulphur. — Sulphur melts to an amber-colored 
liquid, which, as the heating is continued, becomes of * 
dark-red color, and suddenly changes to a thick, serai-Bolid 
condition. On further heating, it again liquefies and finiWy 
begins to boil. If at this stage it is suddenly cooled by 
pouring into water, it becomes a transparent, plastic, mb- 
berlike substance. This is the amorphous or plastic mV 
phur. It is not stable, but changes in a few hours, ot 
quickly if warmed to 100% back to the brittle, coramoD 
form. The plastic allotrope has the specific gravity 1.95, 
and is insoluble in carbon disulphide. Some describe an- 
other allotrope, which is white, amorphous, present in tb* 
sublimate, but not soluble in carbon digulphide, and (»»- 
Tertible at 100° into the common form ; and still anothe* 
which is soluble in water. 

I Sulphur, of all varieties, boils at -146°. and gives »" 
orange-colored vapor. The pfouliarities of its specifi*' 
gravity in gaseous condition have been elsewhere describ©** 
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. 93). It ignitea easily and bums with a pale-blue 
the product of combuetion is the dioxide, SO-. 
Sulphur combines directly also with hydrogen, boron (BbS^), 
carbon (CSj), chlorine, bromine, iodine, and probably fluor- 
ine, with phoaphorus, and with many metals; in addition, 
compounds with nitrogen (NjSj), and with silicon (SiS) 
and (SiS,), are formed, although not by direct action. 



14a. Compounds with Hydrogen and with Chlorine 

Hydrogen BnlpMde^ or hydroaulphuric acid, or sulphu- 51O 
reted hydrogen, HjS. — This substance occurs native to some 
extent in volcanic gases, in mineral waters, and as a product 
of the decay of aulphur-containing organic Bubstaneea. It 
IB formed by direct union of hydrogen and sulphur vapor, 
and by the action of nascent hydrogen from acid and 
"letal on finely divided sulphur suspended in water (Schiit- 
zenberger) ; also by the action of acida on metallic sulphides 
SQcli as those of iron and zinc ; or, in purer condition, from 
antimony sulphide, SbjSj, and hydrochloric acid. The ac- 
tion on sulphides is the common laboratory method of 
supply. 

Hydrogen sulphide is a gas without color, but with a &l3 
marked odor, usually described as that of rotten eggs. 
TTie substance of the egg, since it contains sulphur, pro- 
i^Qces hydrogen sulphide in putrefying. The gas is con- 
'Jcasable to a liquid which boils at —63° and fieezea at 
~85". One volume of water dissolves about 3.5 volumes 
of the gas at ordinary temperature. The solution reddens 
litmna and slowly decomposes, precipitating sulphur. The 
g»s, too, is separated into liydrogen and sulphur by heating 
H> 400°. It is combustible, and with air may mate an ex- 
ploBivB mixture. It is extremely poisonous to inhale. Ex- 
posure to air containing even a small quantity of it is 
likely to produce headache. It reacts with many metals 
^^ with their salts in solution, producing metallic sul- 



phides, aiid in this way is much used aa a laboratory reag 
612 The metallic sulphides are aaltB of this acid, although m 
also by direct miion of motal and sulphur. The gas, 
water solution, and the sulphides show a marked tende 
to combine with oxygen ; they act, therefore, as reduo 
agents. A hydrogen persulphide of undetermined coir 
sition, HjSn., and many metallic persulphides — e. g., C 
— are known. Such persulphides, when decomposed bj 
acid, generally yield hydrogen sulphide and sulphur. 
518 Of sw/^/(wr cA^orirfes, there are known 8sClo,SClj, and S 
The firat is a fuming liquid, made by direct action of Dt 
ine gas on melted sulphur. It finds some industrial tu 
e. g., in refining sugar, and in making India-rnhber god 

14b. The Oxides of Svlphur, and the Acids of Sulph> 
containing Oxygen 

514 Of these subatances the followiag are known ; 

{1) The sesquioxide, SjOj. 

(2) The dioxide, SO^. 

(3) The trioside, SO3. 

(4) The peroxide, S-.0,. 

Hyposulphuroua acid, HjSO, (?). 

(2) Sulphurous acid, HjSOj. 

(3) Sulphuric acid, HsSO,. 
Thiosulphuric acid, HgSsOj, 
PjTosulphuric acid, H^jO,. 

(4) Persulphuric acid, HjSiOg. 

The oxides 3, 3, and 4 with water form the aci 
are correspondingly miinbered. Of these, only the se( 
and third need be considered. 

515 Sulphur dioxide (SOn). — This is formed by the bun 
of sulphur and of substances containing unosidized 
phar, and by the action of hydrochloric or other acid 
sulphites; also by the removal of oxygen from sulph 
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I Mid, HsO'SOg. These methods are sufficiently explained 
1% the following equations : 

S + 80 = SOj. 

Na,SO, + 2HC1 = SO, + H,0 + 2.\oCl. 

C + 2H,S0, = 2SO, + CO, + 8H,0. 

s + 2H,so, = 3S0, + an.o. 

Cu + 2H,S0, = so, + 2H.0 + CuSO,. 



1 



Sulphur dioxide is at oriiinary temperature a. gaa with- 516 
out color, but with marked odor, and is extremely irritatiug 
to inhale. Its specific gravity is 31.9? (H = 1) or 3.2 (air 
= 1). In liquid form it boils at —8° and freezes at —76". 
One volume of water dissolves about 40 volumes of the 
gas at ordinary temperature, and loses it by hoiling. The 
solution reddeus litmus and contains sulphurous acid, 
HsSOj. The gas is not combuatible, nor does it support 
ordinary combustion, although finely divided iron, tin, and 
potassium burn in it, forming both oxide and sulphide. It 
combines directly with oxygen to form the trioside. It 
^''ta upon many coloring substances in the presence of 
*^ater, destroying the color, and is used largely as a bleacher, 
*■'! some cases the color is restored by time and by treat- 
'^lent with dilute acid or alkali. It is also an effective anti- 
^^t* tic, being used in preserving meat ; and as a disinfectant 
*ri«j germicide it is used in fumigating clothing and habi- 
^^t-iona to prevent the spread of disease. It is also used in 
P^X'^''"^^''^^°S' tanning, and in refining sugar. The liquid 
^^tstance is supplied in commerce to some extent. 

The sulphites are both normal and acid^e. g., NaiSOj 517 
***.(! XaHSOaj and, like the acid and the gas, they act as 
'"^ducirig agents, by virtue of the tendency to form the tri- 
^Xide, 8O3, and its compounds. 

Snlphnr trioxide. — This oxide is formed wlien a mixture jig 
of the dioxide and oxygen is passed over hot platinum or 

Ctances which favor oxidation. It is also formed 
— 
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OTlphorie acid, H,0-SO,. it is obtainfid by the dehydrsting 
action of phosphoms peoioxide, and from the pjTosalphiinc 
acid, HtSO(-SOj, or pyroealptutes siniplT b; heating. It ia 
a white crygtaQine folid trhich melu at lo~ aod boils at 4G°, 
It fumes stronglY when eiposed tomoift air,sinc« its vapor, 
conlHiuiig with moisture, produces the less volatile snl- 
phniic add. When the mdbi comes in contact vith water, 
ctunfainatioD takes [dace with great energy. It is capable 
eTen of removing th« constitaenta of water from nuui; 
things — e. g., wood, paper, and the skin — and therefore it 
chars them »s fire does. It combinea directly with some 
metallic oxides fonoing enlphatee — e. g-, BaO-SO^ It ia 
decomposed at red heat into the dioxide and oxygen. It 
has some inda^rial ose, p&rticnlaiiy in making dy&«tnl&. 

SI* So^knzk acU, U.O-SO,. or UiSU,, is formed b; the 
oxidation of ^nlphnroas Kid and by the direct combination 
of the trioxid« with wai«r. The gnbeuncc whose compoa- 
tion is exactly repvsented by HjO-SO, is called nufuAjf- 
irmttd salphuric acid. It is a colorless dense oily liquid, 
^ the specific gniitT l.Slk It easily solidifies to cn^la^ 
which melt at 10.5'^, When boiled, it gives off the trioiide 
antQ the t*mperatnre reaches 33S°. when the latter remaii** 
oonstani, and an acid containing 98.-5 per cent of HjSC^ * 
pUBM orer continnonslj. And dilote solntions of the «A^ 
by boiling lose water and become coDcentrated nntil a liqni-^' 
of this same composition is reached, when the ]ii;nid itsd.— 
pwoes over. giTins the same distillate of ^S per cent aci^^ 
Hie nooohTdratod acid still combines with water nr^ 
«uigeticaI]y,eT«o remoring it. like the trioxide, from othe^ 
•ntutsocca and charring them. The maximum of beat t^ 
Ubttvtts] when the ratio of acid to water is represented 
by H^, + tn/i. The hydrate, HjSO,H,0, has been ob^ 
taiaad in crjvtak neltii^ at 8° ; and anot^cx^, H^Ot-lHiO^* 
whkb aelti at -tS\ Pyroolphniic add, H^.-SO,, oi< 
H/t-tSOf, a known dao as fwming m XtirihaHttin salfhn-^ 

Mt lie a«d. It ii made by duialnng tlte trioxide in the 




Eacid, and, commercially, by decomposing cryBtallized 
Ualphate at high temperature, as thus expressed : 

aFeSO.-HgO = Fe^Oa + SO, + SO3 + 3H,0. 

^id, H^Oi'SOa, has the specific gravity 1.88 and 
I Bt 35°. 

he ordinary sulphates are salts of the monohydrated 521 
EgSOj, but salts corresponding to the other hydrates 
iiown. The former are among the most common and 
Mant of all salts. They are of two types, the normal 
the acid salts— e, g., sodium sulphate, IsasSO,, and 
m acid sulphate, NaHSO^. 

he iMosulphates are salts of thioaulphuric acid, HjSjOa. 522 
aoat common one is the sodium salt, SasSjOg, which 
id in photography as a solvent for silver chloride and 
ide. It is more familiarly known under the incorrect 
^at Bodinm fiypoxulphite. 

14c. The Manufacture 0/ Sulphuric Acid 

first record of making Bulpbtiric Bcid is that of Valentine in &88 
half of the fiiteenth ceotuiy, aJthougli the substance was known 
the tenth century. Ilis method was by heating green yitriol 
Jphatfi), and the Bubstaneo was called "oil of vitriol," or "vitri- 
Id." The former name is Etill used somewhat in commerce. 
i740 the method of burning sulphur in connection with potas- 
(trate was used on a small scale by Ward in England, and this 
idfiped into one of the most important and eiitensive of the in- 
btued upon chemical processes; the product is consumed in 
luantity and for a great variety of purposes. The method of 
consists essentially of three steps : First, producing sulphur di- 
r burning sulphnr ; second, changing Ihis by means of nitrogen 
« sulphur trioiide, and combining the latter with water ; third, 
nttioKBiid purifying the product. 

Sie emde material for making the dioxide is preferably sulphur, 624 
cheaper iron pyrites (FeSs), when it contains as much aa 35 per 
nlphiir and also other aulphides, are largely used for the im- 
fadee of acid. Arsenic coming from the pyrites is often an im- 
pl this product. The combustion Is accomplished In furnaces 
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with a carefully regulated supply of air, and genersll? withont olhir 
fnel than Iho sulphur itself. 

I 2. Id connectioti vith the furnace are placed the " niter pots," into 

which is placed a miitare of sodium nitrate and sulphuric acid in snch 
pToportiou as to form the acid sulphate, XaHSOt, and liberate the nitric 
acid. The hot gaaea from the furnace volatilize the nitric acid, nhish. 
miiing with the dioxide and steam, gives rise to reactions which mi; 
in their general character be represented bj one or both of thefol' 
lowing equations: 

280. + anNO, + H,0 = 2H,S0i + N,0, . 
3S0. + anNO, + 2H,0 = 3H,S0, + 2N0. 
The mixed gases are carried into large chambers lined with Am) 
lead, and into these steam is injected. The exact nature of the rew- 
tions taking place is much disputed. They are undoubtedly cotnpli- 
cnted, but the result is simple enough. Tlie nitric oxide is reoiidized 
to the higher oxide b; contact with the oxygen of the air; this in tun 
gives up oxygen to more sulphur dioxide, is reduced, again oxidind, 
and 50 on iudefinitelj. Thus a comparatively small quantity of nlU* 
gen oxide acts as carrier of a large quantity of oxygen from lli^ilr 
to the sulphur dioxide. The sulphuric acid forms as a mist in tlie 
Ghainliers, whiuh settles to tim floor and in drawn otT as a liquid con- 
i*ining about 68 per cent of sulphuric acid. To prevent the waste of 
nitivus fumes, the gases at their exit from the series of chambers in 
passed from the bottom U> the top of a tower, wiiich is loosely filled "iti 
lumps of coke. Over these, trickles sulphuric acid, somewhat more ddd- 
centrated than that of the chambers. This acid dissolves the oitTDgH 
oxidi'B, forming an unstable compound, and llie liquid is conductrf 
from the base of this t^wer to the top of another similar one. In It! 
passage down the latter it is brought in contact with the hot miw^ 
gases coming from the rurnacoandon their way to the chambers. Co- 
der these conditions the nitrogen oxides are given up. and contribute to 
the oxidation of the sulphur dioxide. There is some loss of nitrogm 
oxides through imperfect absorption in the tower, as well as by seconi- 
ary reactions in the chambers. 

[ 3. The product is further conoentrated by heating in glass orpl*li- 
num retorts untU acid of 93 or 95 per cent is obtained (oil of vitriBDr 
although the process may be carried on until 98 per cent is reacirtil' 
By cooling snch acid to —20°, it crystallizes; tlie orystala are sep*" 
rated and drained by pressure, then melted, and an acid of ItX) per cent 
is obtained. Commercial acid is likely to eonlaiu lead sulphate hi mI"- 
tion, which is precipitated when the add is diluted. It is puriS«d ^ 
redistillatioo. 
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IB. CHLOKINZ: 



rEiilory. — The Bubstancfl now known as chlorine was first obtained 527 
SjSoheele in 1774 from hydrochloric acid and manganese dioxide, but 
it was regarded as a compound until Davj in 1810 proved it to be an 
ilemeat, and suggested its name, siguitying greenish-yellow. 

Natural occurrence.— It is not found free, but as a con- 
Btitnent it is ubnudant in many native chlorides. In bo- 
diuin and potassinm chlorides it comes into important rela- 
tion with the plant and Jinimal organism. 

Preparation. — The purely chemical methods of making 528' 
cMorine obtain it from hydrochloric acid by oxidizing the 
hydrogen to water and thus liberating the chlorine. The 
methods differ chiefly as to the means of effecting the 
oxidation. The bydrocliloric acid itself must come from 
» native chloride, commonly that of sodium. It will be 
recalled that this acid is a by-product in the Leblanc soda 
process, therefore the chlorine manufacture is usually asso- 
ciated with the former. As oxidizing material, potassium 
Alorate, KCIO3, red lead, PbjOi, potassium dichromate, 
KaCr J 0,, manganese dioxide, MnOj, and the oxygen of the air 
're used. In the laboratory, potassium chlorate and man- 
ganese dioxide are the most convenient. When the former 589/ 
8 used the general character of the reaction may be seen 
B the following equation : 

KCIO3 -I- 6IIC1 = KCl -I- 311^0 + 6C1. 

^en the latter is used the final result is such as indicated 
•y the equation : 

MnO^ + 4nCl = MnCle + 2HjO + 2C1. 

riiia result is in consequence of the fact that the only 
table chloride of manganese is the one corresponding to 
OangauouB oxide, MnO, which with hydrochloric acid forms 
(anouB chloride, MnClu, and water, with no liberation 
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of chlorine. Any higher oxide, tJierefore, yields an excess 
of oxygen which js capahle of oxidizing the hydrogen of 
the acid. In order to liberate chlorine, the mixture of acid 
and oxide is heated, by which any higher chloride, if tem- 
porarily fonned, as has been thought, is broken up into 
the diehloride arid chlorine. The manufacture of chlorine 
on the commercial scale will be described in a later section, 
> Properties, — Chlorine is a greenish-yellow gas of peculiar 
and disagreeable odor, intensely irritating, and poisonons it 
inhaled in quantity. It is about 2.5 times heavier than 
air, and condenses to a liquid which boils at —33.6° and 
freezes at —103°. One volume of water dissolves about 2.2 
volumes of the gas in ordinary conditions. The water aoln- 
tion is not stable, for hydrochloric acid is slowly formed 
and oxygen liberated. When the solution is cooled nearly 
to 0°, a crystallized hydrate, Cl-5H.sO, separates. It is 
much leas soluble in a solution of sodium chloride than in 
pure water. 

Chlorine is markedly reactive, but less so than fiuorine. 
It does not burn in air, although compounds with oxygen 
exist. In an atmosphere of hydrogen it bums readily, and 
a mixture with hydrogen in equal volumes ignites esplo- 
sively; indeed, a ray of sunlight or of magnesium light is 
sufficient to provoke explosive combination in the mixtnre, 
The product in all cases ia hydrochloric acid, Chlorina 
removes hydrogen from other substances besides water, espe- 
cially from organic substances; in consequence a lighted 
candle continues to bum in chlorine gas, for the mat«ri»l 
of the candle contains carbon and hydrogen ; with the lattK 
the chlorine combines, and the carbon is seen in the dens* 
black smoke. Some such organic substances — e. g., ioS- 
pentine — inflame spontaneously in chlorine gas. For th* 
I reason chlorine acts as a powerful bleacher, often 
destroying the coloring substance. Under some condi- 
tions the chlorine not only removes hydrogen from a coO'' 
pound, but in addition takes its place as constitueO'' 
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(sabstitution). This ia illuBtrated in tho reaction with 
lienzene, CaHfl, thua : 

C,Hb + 3C1 = CbHbCI + HCl. 

Associated with water, chlorine is an active oxidizing o8S i 
agent, for it combines with the hydrogen and liberates 
naacent oxygen. For this purpose it ia often used in the 
laboratory ; thua chlorine water with hydrogen sulphide lib- 
emtes sulphur. These properties make it useful as a disin- 
fectant and deodorizer. It combines directly, especially 
when moist, with moat of the metals, and also with phos- 
phorus, so that compounds exist with all the elements pro- 
ceding it in the list, except fluorine. 

Hydrochloric add. — This substance, or its water solution, o9$.\ 
was known as early as the fifteenth century, perhaps earlier, , 
but Davy, in 1810, first proved that it contained only 
chlorine and hydrogen. It occurs free in some volcanic 
gaaea and in some natural waters. The native chlorides, 
as well as the preparation of the acid, have already been 
sufficiently considered. The anhydrous hydrogen chloride JM4 
is a colorless gas very irritating to inhale, and about 1.25 J 
times heavier than air. Its boiling point is —103', and 1 
freezing point —112.5°. It does not bum nor support com- 
bvgtion. It has strong tendency to dissolve in water, and 
probably to combine with it, so that the gas itself, or the 
v^M>T from a strong solution of it, fumes — that is, forms s 
miit or cloud when in contact with moist air ; this may be 
due to the formation of a leas volatile hydrate. The gas H 
^Uremely soluble in water, one rolnnie of the latter di»- 
tolting about 450 volumes of the gas at 18° and otiiamrj 
PKsmre. The solntion has the spe>cific grari tj US aad 
c*ffituns 42 per cent by weight of the anhjdrotu sataatuieeL 
Vhen a aolntion is heated it loees water or acid, a* tbeeaae 
■^ be, until the mixtare bai a ipedSc giarit j gt LI md 
20 per cent of add, and boUa at IKT at otdiauy 
when the eolntion diitiUi wiUioat ftiiiiri X 
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crystallized hy«lrate, IICl'2HjO, Beparates on cooling a utn- 

rated Bolution to —18", 

The commercial article, often designated as muriitik 
acid, ia a water solution containing abont 40 per cent bj 
weight of the hydrogen chloride. Various impurities are 
present, often sulphuric acid, and iron and calcium ehlo- 
ridea, and it is Diore or less yellow in consequence. The 
purified acid is colorless. 

Hydrochloric acid is consumed in large quantity, chieBj 
in making chlorine, but also in making metallic chlorite 
and carbon dioxide, and for various minor purposes. 



[ 15a. T/ic- Ojiides of Chlorine and (heir Acids , 

Of these compounds the following are known : 
Oxides. Acids. 

CliO. nClO, hypochlorous acid. 

(CliO.) unknown. No acid. 
(CljOj) unknown. HClOj, chlorous acid. 
ClOj. No acid. 

(ClgOs) unknown, HClOa, chloric acid, 
(01(0,) unknown. HCIO,, perchloric acid. 
Chlorine and oxygen do not combine directly. 

The monoxide, CUO, is formed by reaction between dry 
chlorine and mercuric oxide at ordinary temperature; 

2HgO -f 4C1 = HgOHgCL + ClgO. 
It is a yellow gas, of odor somewhat like that of chlorin*- 
and condensable to a liquid which boils at —20°. The t<'f- 
mation heat of the gas is —17,800 calories, and bothg** 
and liquid are violently explosive on very slight provW* 
tion. One volume of water dissolves about 100 volumes w 
the gaa and In/poc/ilorons acid, HCIO, is produced. Th* 
588 acid solution also is unstable and can not be concentratefl- 
It is avery active oxidizing and bleaching substance.readiij 
splitting into hydrochloric acid and oxygen. Wiih liyd"'' 
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loric acid, wator and chlorine are formed. Its salts, the 
ipochloriles^ are mora stable, but are decomposed by car- 
mic acid. When an alkali hydroxide in solution is treated 589 
ith chlorine in the cold, both chloride and hypochlorite 
re formed, thua : 

SXaOH + 2C1 = NaCl + NaClO + H^O. 
'he same formation takes place with solution of sodium 
irbonate. With calcium hydroxide (limewater), the reac- 
onis — 

3Ca{0H), + 4C1 = CaCl, + Ca(C10)a + aH,0. 
E eicess of chloiine is present, the hypochlorous acid is 
berated. Such solutionB, made by treating with chlorine 
le hydroxide, or the carbonate, of sodium, or of potassium, 
* of calcium, are active oxidizers and bleachers, and have 
sen much used for these purposes. The calcium hypo- 
ilorite has been obtained in crystallized condition. In 
le presence of email qimntities of some substancea — g. g., 
ibalt salt — hypochlorite, like the free acid, liberates oxygen: 
Ca(C10)g-.CaCl3 + 20. 
The peroxide, — This is the name generally given to the 540 
ibBtance ClOj. It is formed, along with perehlorate, by 
le action of sulphuric acid on potassium chlorate : 
SKClOj + 3HsS04 = 2KHSO4 + KCIO4 + HjO + SClOs ; 
Iso by the action of a feeble reducing substance on chloric 
cid, HCIO3. It is a dark-red liquid which boila at 9° ; the 
aa is dark yellow, and has a specific gravity which indi- 
ateg the formula ClOi.. It dissolves in water abundantly, 
Tobably forming chlorous acid, HClOj, and chloric acid, 
ICIO3. This oxide, like the preceding, is very unstable, 
ecomposing explosively, particularly if brought in contact 
'ith oxidizable matter. Some substances, like pliosphorus 
Bd hydrogen sulphide, take flre in the gas at ordinary 
erature. 



I 



I Of rhloroiis acid, HClOj. and the cAIori/e.'i, nothing fnr- 
ther need be said. Chloric acid, HClOj, and perchloric 
acid, HCIO(, are likewise explosively unstable and verj 
energetic oxidizers. Their salts are more stable than the 
free acids. Potaasium and sodium chlorates have boim 
indnstrial importance. They are formed by boiling the 
solutions of the hypoclilorites, thus : 

3KC10 = KC103 + 2KC1. 

Or, if chlorine is passed into hot solution of the hydroxide) 
this reaction takes place : 

6K0n + 6C1 = 5KC1 + KC103 + 3HbO. 

The chlorate is less soluble than the chloride, and ia 8Bps- 
rated by crystallization. Practically, however, calcinm 
chlorate is first produced by the action of chlorine on miili 
of lime, Ca(OH)j, whereby the hypochlorite is formeil. 
This, by heating with escess of chlorine, ig converted int" 
chlorate and chloride. Finally potassium chloride is added, 
and potassium chlorate crystallizes out on concentration- 
This substance is used in making oxygen gas, matches, fire- 
works, fuses, and some kinds of gunpowder and other eiplo 
sives, and as oxidizer in the preparation of some of the djfr 
stutfs. It is also used to some extent in medicine. 

15b. Bromine and Iodine 

Br.— TO.SS. I.— IM.B 



There is convenience of arrangement in briefly describ- 
ing at this point the elements, bromine and iodine, Ko^ 
33 and it in the list. They are very similar to ehloriof 
and fluorine. Neither is fonnd free, but both occur native 
as constituents, chiefly in the bromides and the iodide* 
respectively. Of these the sodium, potassium, calciiu"' 
and magnesium salts are the most common, occurring '" 
sea water, in some mineral waters, and in sea plants. ThB 
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lahes of the latter are a commercial source. Their prepa- 
ration is similar to that of chlorine. It consists in the 
liberation from bromides and iodides by the action of 
sulphuric acid and an oxidizing substance (e. g., MnOa), 
and the subsequent purification by distillation. Bromine 
is a very volatile liquid, boiling point 59°, and iodine is a 
solid, melting point 114° and boding point 184°. Bromine 
is of a dark red-brown color both as liquid and as vapor. 
Iodine ia lustroas and almost black, and highly crystalline. 
It readily sublimes, and the vapor ia reddiah-violet. Both 
lisre marked odor, that of the former being especially dis- 
agreeable (hence its name signifying stench). Both dis- 
solve readily in carbon disulphide and in some other sol- 
vents. Bromine ia only slightly soluble in water, and iodine 
18 still leas so. Both are highly reactive, corrosive, and poi- 
sonous, the former more than the latter. Bromine displaces 
iodme in combination, and both are displaced by chlorine. 
They forfii compounds with most of the other elements, 
combining with many of them directly. No oxide of bro- 
mine haa been obtained free, although it exists as a con- 
stituent. Of iodine the pentoxide, I^Ob, ia the only oxide 
"hose existence in the free condition ia known. They 
conibine with hydrogen, leea readily in the case of iodine, 
^d the products are hydraeids — viz., hydrobromic acid. 
HBr, and hydriodic acid, HI. The sodium and potaaaium 
^Its of these are the moat common. Bromic acid, IIBrOa, 
^fid iodic acid, HIO3, and their salts are known, and hypo- 
woBiites and hypoioditea probably exist, but are leas stable 
^han the hypochlorites. The four elements fluorine, chlo- 
rine, bromine, and iodine are often called the halogens. 

15e. The Manufacture of Chlorine and of Bleaching Potoder ■ 

Chlorine has considerable indnstrial use. Its applitiability to bleach- 541! 
ing waa suggested ss early as 1785 by Bart.tiollft, and in 1789 the 
Wwching liquor Itnown as "'eau de Javol " was manufactured. This 
' g praetioally a solution of potassium hypochlorite, and i 
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mart arsilable fommerci&l article ifaan the gaseous chlorine. InllH 
the cheaper materlai. lime, was used to prepare ft simitar liqaor, vbicti 
19 sUil somewhat used. The use of dry calcium hydroside, and llie 
preparatioD oF a " bleaching powder," was accomplished io I7BB. Thii 
has the adrantage of greater stability, although the material vbicb 
is in the form of solution is more convenient, more concentrated, iiid 
cheaper. Quite recently chlorine itself in liquid condition, stored aaiii 
pressure in sttel cylinders, has come into commerce. 

s43 Pol' making the chlorine, the reaction with manganese dioxide ii 

largely used. The crude ore is pyrolasiU, which may contain Iconi 70 
to 85 per cent of the dioxide, MnO,. Sometimes a mlxtare of conmioii 
salt Had the dioxide is acted upoa by sulphuric acid, bnt more con- 
monly the hydrochloric acid from the fjeblanc process is applied di- 
rectly to the dioxide. The operation is carried on sometimes in stiwe- 
ware retorts, heated from without by hot water; sometimes inTCSseU 
built of stoue slabs, into which steam is introduced for the necessu? 
heating. The ore Is used in coanie lumps, and Is often coalAined in * 
Eierelike vessel, or spread on a perforated raised bottom of the tuk- 
The hydrochloric acid is admitted gradually. When the reaction <* 
over, the liquid left in the generator, called the " stUl-liqnor," contaio* 
principally manganese dichloride, UnCli. wilh considerable unos^ 
hydrochloric acid and some iron chloride, and it is still capable of li''' 
erating some chlorine. This was at one time allowed to go Io wast.^> 
but as it must necessarily he a great nuisance, the disposal of it l»ecac*^' 
a problem. It was finally discoTered that from this material the ma'^ 
ganese could be recovered and used over again. One method of acooi^^ 
ptishing this was tlrst brought into practit^al use in 1869, and is }inoi^^ 
as the Weldoo process. 

fi44 The Wfldon proeet*. so far as pertains to Ihe chemical reactions, 

as follows: The "still-liquor" is mixed with powdered limestone C^ 
clialk, CaCOt. whereby ihe free acid is neutralised and the iron is pi^' 
cipitaled. The precipilatc is allowed to settle, and the clear solutjo^^ 
of manganese and calcium chlorides is drawn oS. To this solution ^K 
added milk of lime. nntU the manganese is ail precipitated as hjr^ 
droude : 

MnCl, + Ca(OH>, = MnOH.O + CsCl,- 

Then from one half to one quarter more lime is added for excess, aacv 
air, somewhat heated, is blown into the pasly mixture. The osyge^ 
^ the manganese monoxide into the dioxide, which, acting as a^ 
acid, combines with Ihe lime as a base, forming principally CaO.HnOi ^ 
The mixture is still in the form of a thia paste, and it Is run into set^ 
tling tanks, where the dear solution of calcium chloride separate^a 
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fell drawn oB as nasle. The manganese compound is technically 

3 " Weldon mud." and oontains about 80 [>er cent of MnOa. 

I directlj iuto the chlorine generator, to be treated again 

with hydrochloric aciU, and, being "ery finely divided, it is acted 

Bflpon quickly and completely. The loss of dioxide is only 3 or B per 

I «ent, bat only about one third of the hydruchlorio acid is conrerted 

f into chlorine. 

The Deacon proeeas obtains cliiorine from bydroehlorio acid by the I 
more direct action of oxygen from air. When a mixture of the two 
is heated, chlorine is liberated, but only slowly. In practice, the 
kydrochloric acid and air are heated to about 500° and passed over 
I helGlis which have been wet with a solution of copper chloride, CuCl), 
Kthe presence of which greatly facilitates the liberation of chlorine, prob- 
l;*))!; by reason of the alternate formation of copper oxide. CuO, and the 
Hdiloride.' Front the resulting mixture of gases, the hydrochloric acid 
iffld water must be removed ; the chlorine, mixed with nitrogen and 
is then available for use. 
Much effort is being expended to obtain practicable methods of i 
^ectrolyzing the solution of sodium chloride, as a means of producing 
both sodium hydroxide and chlorine, but the problem has not yet been 
satigfactorily solved. 

The bleaching povder, oT"chloride of lime," is produced by the I 
11 of chlorine gas on slaked liuic, Ca(On)a. The latter substance 
* prepared from "burned lime," CaO, by adding ]ast enough, or very 
slightly more than enough, water to form the hydroxide and to leave 
in the condition of n dry powder, which is carefully sifted. This is 
spread three or four inches deep on the floor of a chamber, generally 
lesd-lined. and chlorine is passed in so long as the powder continoes to 
absorb it. The product is a powder, nearly white in color, and of 
peculiar odor. It absorbs moisture and carbon dioxide and becomes 
P>*stj. losing at the same time some of its chlorine, and consequently 
^deteriorating. It must, therefore, be packed in a way to protect it 
'fotn the air, and from light which hastens decomposition. It is largely 
*>^d to bleach materials in textile and paper-making industries, and it 
IS one of the best disinfectants. 

There has been much discussion as to the exact reaction between f 
the dry calcium hydroxide and the chlorine. It is now supposed that 
I * Kubatanee, CaOOlj, is formed and constitutes the bleaching powder, 
1 ^t ia eonvarled into hypochlorite when brought in contact with water ; 

^ 2Cr 

^^m (Lung 



I 



2CaOCl, : 



f CaCl,. 



= Ca(CIO), 
(Lutige-Thorpe and P. H. Thorp.) 
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«4S Si»torg.—Tbt element poUsiiim was obuined first bj Csij in I 

1907 bj the electrolfsU «t tbe hjdroiide. although this compuDd td 
tlie earhoiiate had been known from (he earl; dajs of alchemy. 

.»50 Hatcral occnirence. — It is f oand only as constituent, bnl 
as Eucli is quite abundant. Its silicate is contained in 
granite, BometimeB to the extent of 3 per cent, and aha in 
many other rocks. The chloride and snlphate are found 
in large deposits in the neighborhood of StaBsfurt. Tkeee 
gaits are present also in sea water and in mineral waten. 
The occurrence of the nitrate (niter) in Chili and Peru has 
been mentioned in another connection. PotaBsium com- 
poundB are present in fertile Bfiils and are important Id 
botli the plant and the animal organism. 

5.(1 The preparation of potaeeium by the redaction of its 
curbonate and o£ its bydroside, and by the electrolysiao' 
itB hydroxide, is so exactly simiSar to that of sodium that it 
need not be further described. (Compare JJo. 409.) 

r,:,'i Properties. — Potassium, like sodium, is a soft white metal 
It itielta at 63.5° and boils at 667'°, a little lower than sodimn. 
Its specific gravity is 0.86. It oxidizes in moist air at 
ordinary temperature, and, when heated, bums energetic- 
ally. To the Bunsen flame it gites a violet color, us doits 
coinjiomnla. It decomposes water at ordinary teraperatoK, 
1111(1 curbiiri dioxide, when heated ; it is, therefore, a po^W' 

iM ful rwluniug nucnt. As to oxides, it forms at least KjO ai><^ 
Ki,()|,. 'I'lie Jiydroxide isKHO; it is soluble and acts sa » 
tuwc, fi>ruiiiig a scries of well known salts, to several o' 
whioh rofonmee has already been made. The chloride i* 
KCl, and the nitrate la KSOj, niter or saltpeter. Tt' 

,UI iini'lmimtp, K,C()a, is obtained from wood ashes and ^ 
tiiHiiiirHi<tiiri>d from the chloride. The reactions invol^ 
III thiit, iiM \vt>U tis in making the hydroxide, are so siDut^ 
t»i Ihi' pom>s(K>mUng ones for sodium, that they need n** 



[described. (Compare Sos. 414, 415, and 419.) The 
taBsiam compounds have various industrial applications ; 
e hydroxide and carbonate, like the sodium componnds, 
3 uaed in making glass and soap ; the nitrate is largely 
ed as a constituent of gunpowder, for which the sodium 
bate, owing to its being hygroscopic, is not available. 

F. GriTPOWDEB AND SoME OtHEE ExPL0S1VE3 

lAn explosive ia a substance, or a laixture of aiibslnnpes. which by a S5& 
ttnical change quickly generates gaseona products, tbe latter at the 
iant of their formation tending to occupy a much greater voliuiie 
iQ the factors. The sudden conversion of water into steam may 
:« place in a steam boiler and cause explosion, but no chemical 
wge is ini'olred, and water is not in this sense called an explosive, 
itiie other hand, liquid iioet]:lene may decompose explosively into 
fibi and hydrogen, and the volume of the hydrogen gas would be 
9-mucfa greater than that of the liquid acetylene. Furthermore, 
nb liberated by tbe decomposition, and hence the gas wonldbe oon- 
erably heated and tend to oecujiy a still greater volume. So, too, a 
Eture of hydrogen and chlorine explodes, although the volume of the 
■duct is only equal to that of the factors; but heat is liberated, and 
the temperature, and therefore energy, of the product is suddenly 
rc&sed. However, all the explosives in practical use liberate their 
'rgy by combustion; that is oxidation. 

Oupowdar is one of the oldest of practical explosives, having been 55S 
li for firearms as early as 1346. It is a mixture of potassium nitrate, 
iTEQal, and sulphur. The ingredients are carefully purified, finely 
'Und, and very thoroughly mised. The mixture, slightly damp, is 
hr heavy pressure — from 300 to 450 pounds to the square inch — 
lase its density. The "press-cake" thus obt^ned is 
1 into small grains — "granulation" the process is called^and 
The grains are smoothed and glazed by rolling in wooden 
ims, sometimes with the addition of a little graphite. The product 
ipin sifted, and freed of moisture by drying at a low temperature. 
Wiiek powder, commonly used for military pnrposes, contains 75 per 
Itof polaasium nitrate, 15 per cent of charcoal, and 10 per cent of 

Some idea of the chemical change in the explosion is given 5S7 
H Incomplete equation : 

8KN0, + 3C + S = 3C0 -t-aN + KjS-i-. 



KLKMKNTAUY I'RIKCIl'LES UF CBElMlSTfir 

But. It U aotually, at least when Uking place in a coofined s\ 
miinli more Dom plicated. Buwcver.it is clear thkl the carbon and Ilu I 
Hulphiir may be conTerted intu gaseous oxides hj the oirgea of the [ 
nltraiM. and thus omnbuatinn lake place without the interveotioD at 
nir to any extent. The large volume of the resulting gases a 
beat llburated by the rcaclioD cause the energy of the exploe" 
Ipuitiuus [>ruilu['ts include: 

Carbon dioxide. COi : 

Nitrogen, N' ; 

Carbon monoxide. CO ; 

Hydrogen snlphidr. BaS ; 

Hrdrc^n, H : 

Meiban«. CO.. 
The hydrKgen luay wme from the dMnoal or fnim th* ■ 
e«t. OttbeiM gases, the lirst Ibraa OMfce abovt M pw nnt nf OaH 
vtblU stintKwbat au>re tban 96 (Wiccftt of IktMalnlidp 
iiLaJi« up <vf — 

tVtassiiuB ckrbeoatik EdCOi: 
PtMotisiiuB sdlplMte. K^O«: 
t^xasaiuIIl pa«salfhida. bSs. 

US Tb» KttuCJwn i« vxprveseii wi^ ekaet JippEuximaJ 

SIC J«.\ + W.' + 3S = aSA'O* + S^\ + CA -f TtO, + ffit 
Vfenn t ^ram uf puwdttC the solid, ^roduirot wvi^ from QJa (• tM 
«K « giw»i and tJ>0 gaswMS tmm V.-S In t.-Ki nt s ^eain. -shilu tttc ni- 
WM <it cite sa^M »ulLuu*!4 at O' is tt-na WUat3iM cuhic *;Hi)tinutiR' 
koat tfas iMUirenitung ia o^titnatod uC 3.106* ur 3:21Hr , 
|i It IS umdoQt that tJiu rvniuig affitl tiC an iiic{itD«ui] mu^ diipral 
uywa lliu fHiiidll* vjf lilH rwauiiun. tor il tiin latter j» Aiw fJiH jpis« W> 
mIuwIv ;iiiii-(ii,?.j, kMii iiiK iiDiti. is-jtrailnally diBfipatBd. so tiat tfipEB"- 
(K'l"- ■-•■ liiiJib ; inorBoi-BT. tlw prosBurs df Bxpanao"' 

111" L'.inJ iiu> Ui irrcssiibie, wliea ilcwir aypU*' 

>uu. ' liv r>iat;itua i»>iu« <if >>Eidutiim icia rapiiBr 

,11, 1 ,. ^,,-^, ,■ ....,„.,.,, ,r iFirKTirtL'v -ifmiViOT- 
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o rate of combustion through the whole ma^, when ihe ignition 
mlj one point, must be retarded. For this reason iba 
: nsed in heavy giins, known as "pebble"' and "priBinntie" 
s made into grains which measure tram Qve eighths to one and 
a inches, so that the full pressure of the explosion is noi 
lehed at once. Were it otherwise, the gun might yield before the 

Again, the velocity of combustion through a. mass of gunpowder is SAO,' 
Bueneed by the pressure of surrounding gases. In a vacuum it does 
t explode at all, but burns slowly. In open air the ignition travels 
rough the mass at the rate of four feet per second ; in a heavy gua at 
■out thirteen feel per second. So it happens sometimes, in using 
rge-grained powder, that the charge 15 ignited and the ball leaves the 
in before combustion reaches the last of the powder, and this is 
rgwn out unbumed. Likewise in esploding powder under water, i( 
e containing case is not strong enough to liold the gases until the 
nition is complete, a part of the charge may remain uneiploded 
''alke). By varying the quality of the charcoal, a " brown " or 
Woa" powder is made which is so slow in burning that a large 
ain may be ignited while held iti the hand and dropped before the 
l^beB the fingers. 
JHll again, the relocily nt the combustion is influenced by the man- J 
it firing. In the foregoing statements it has been implied that the 
1 reaction which produces the esplosion is started by a snffl- 
ent rise of temperature in only a small portion of the powder, such as 
practically caused by a spark of Sre or a wire made hot by the electric 
rrent: and this ignition, producing heat and flame, spreads with 
ore or leas rapidity through the whole. But tliere is another mode nf ggg 
ing, known as dstonaiion. In this the reaction is brought about by 
e shock of another explosion and can not be due, at least not in alt 
Ses, to rise of temperature. A very common detonating material is 
srcury fnlminate, the nature nf which need not be explained here. 
s application is seen in the ordinary percussion cap in which it is 
ploded by a blow, although when this is used in connection with 
'Wder the latter is probably fired by the small flame or spark from 
fi cap, and so, strictly speaking, is not detonated. However, another 
plosive— namely, gun cotton— even when wet may bceiploded by the 
plosion of a small quantity of fulminate in contact with it. In this 
*e tt can not be rise of temperatnre which explodes the gun cotton, 
lis shock of detonation is brought to bear opon the whole mass of 
6 explosive within the reach of its Influence instantaneously, or at 
Btwith a rapidity very much greater than the velocity of ignition. 



It is m if a violi 
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if & violorit blow were giyen to every miiiutesl. particle ol the 
explosive at practicully one instant of time, and therefore tbe explouDD 
is made more violent. Gunpowder is not readily detonated; indeed, 
this metliud of eiplusion is not desirable for firing projectiles, and it ii 
somewhat uncertain whether this material can be reall j del«DBt«d in 
any oonililiona. There is a class of explosives of altogether diffateal 
oheiuical character which are most readily detonated. Before considn- 
ing these, some modification in the constituents of gunpowder msj bt 
mentioned. 

6AS The nitrate of sodium, because of its cheapness, is substituted tor 

tbe potassium suit in mining powder, especially when it is to be used 
in hot and dry countries. It was largely employed in buildicg the 
Suez Canal, but its hygroseopic quality Undera its general v 
same objection applies t-o ammonium nitrate, although it has the adrnt 
tage of producing a larger volume of gases and less solids, therefort 
loss smoke. 

^ Many attempts hare been made to utilize potassium chlorate as at 

tiixing material. This decomposes at about 350° into potassium ahl» 
ride and oxygen, with liberation of heat. A chlorate powder produces 
higher temperature and larger volume of gas, and simpler, less disso- 
ciftblo products ; the reaction begins at lower tomperflture ntld spreads 
with greater rapidity, and therefore causes more abrupt and shattering 
effect than with nitrate powders. But the former are much moreeensl- 
tivc, and are subject even to (so-called) spontaneous explosion ; therefon 
much greater danger attends their preparation, storage, and use. B^ 
sides, the products of decomposition are more corrosive of the gan ui 
more injurious to the person than with the nitrate powders. The dis- 
advantages overbalance the advantages, and have prevented the prat 
tical success of powder of this class for firing projectiles. But mli- 
turcs containing chlorate are used for charging explosive shells snd 
bullets, and for fuses which are to be ignited by friction, percussion, or 
contact; in them, sugar and starch are sometimes used as the com- 
bustible material. 

I Liquid mixtuTM.— Some attempts have been made to use liquid niii- 

turos of combustible and OKidiier, in which evidently the contact i» 
the two would be more intimate than in the mechanical mixture at 
IHDwders. One such mixture consists of nitric acid as oxidizer and wl- 
vent, and certain hydrocarbons as combustible. They seem to have n^ 
practical success. 

I OaiMHU mlxtttTH must bring the combustit)le and oxidizer into uit^' 

macy of the same order, as in liquids, reaching to the minutest pft*' 
tides of the substances — that is, to the molecules themselves. B**^ 
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)m the very nature of the gaseous condition, it would seem that reac- 
•n by shock could not be brought about as in liquids and solids, and 
It the spread of the combustion must depend on temperature or in- 
mmabilitj. In combustion of this kind the volume of the products 
not necessarily larger than that of the explosive mixture ; indeed, it 
17 be less, as when three volumes of hydrogen and oxygen become 
oof water. The explosive power then must be due to the rise of 
mperature in the gases, which is caused by the heat of reaction, 
iseous mixtures are not applied to the ordinary purposes of explo- 
res, bat they are often the cause of serious accidents, and they find a 
oited use as motive power in gas engines. 

Another type of explosive mixture has likewise been the cause of 567 
ost serious accidents — namely, a combustible solid in the form of 
ry fine dust scattered through the air in a more or less confined 
ace. It will readily be understood that minute particles of carbon 
ight be suspended in air so close to each other that ignition, started 

one point, would flash quickly to neighboring points exactly in 
ect as if it were a gaseous mixture. In such way most disastrous 
plosions have occurred in flour mills and starch factories, where the 
tremely fine dust of combustible starch, swept into the air by some 
udental cause, and brought in contact with flame, has furnished the 
Pessary conditions. The dust in coal mines also has caused explosion. 

Ezplosive oomponndfl. — Finally, there is still another and most inter- 568 
ing type of explosive, in which the closest kind of contact is brought 
5ut. In these the combustible and the oxidizer are proximate con- 
tuents of one individual substance. In theoretical terms, they are 
rts of the same molecule instead of being in neighboring molecules, 
lerefore the explosive is a single substance and not a mixture. How 
s can be, is understood in recalling the fact that of potassium nitrate, 
O-NjOs, it is mainly the nitrogen oxide which supplies oxygen to the 
rbon in gunpowder. Now, if nitric acid could be combined in a salt 
th a combustible base — for example, one containing carbon and 
drogen — the condition of combustible and supporter of combustion 
)uld be rep,lized in one compound, and it would only be necessary to 
eak down the compound in order that the elements might recombine 
to carbon dioxide, water, and nitrogen. Such a base is found in 
nimon glycerine, which is only one of a numerous class of organic 
ses, called alcohols. The composition of glycerine is seen in the 
fnaula, CjHsCOH)^, and its combination with nitric acid, after analogy 
th the formation of potassium nitrate, is shown by the equations : 

C,H»(0H)8 + 3HNOs = C8H6(X08)8 + 3HaO. 
KOH + HNO, = K(NO,) + HaO. 
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569 This glycerine trtuitrato is more commonly known unOer theleaaiM 
rect name o( nilrogli/eerijie. The following eqnalion shows tl 
outside oxygen is needed for the complete corabuation : 

2C,H.(N0.),) = 6C0, + 5H,0 + ON + 0. 

Nitrogljcerine was discovered in 1847, but was proctieally unwJ 
until about 1863. Its successful application was due to a Swede, Knbd 
by name, who also discovered the method of firiug by detonation. Kilra- 
glycerine is miide by adding glycerine, as a thin stream orspraj,«rj 
slowly to a cooled mixture of aulphurio and nitric acids in the mod 
concentrated form obtainable. It is important that all these EubstUHet 
be very pure and anbydroiis. The temperature of the misture must not 
rise above 30°; if it does, there ia great danger. When the rewtiona 
over, the nitroglycerine rises to the top and is drawn off, or the miilnn 
is run into water in which the product sinks to the bottom as an ineolD- 
ble oil. It must then be very thoroughly washed until free of uid, u 
the presence of this promotes decomposition and dangerous insUbilitf. 
It is somctinies strained through felt filters for additional puri&iistiai 

570 Nitroglycerine is an oily, colorless, or nearly colorless liquid, hfaifei 
than water, with which it does not mix. It is somewhat vobtiii 
at 60° and freezes at about 8°, although the freezing point varies in 
different samples. It is poisonous, and is used as a powerful reined] 
in medicine. In the open air, sniall quantities may be burned witlmil 
exploiiion, but when heated to about 180°, it explodes. It may also b< 
exploded by a shock, either of a blow or by detonation. It islesasan' 
sitive in the frozen condition than in the liquid, and it is not comoionlj 
used in the latter form, except in order to " torpedo " gas and oil well* 

571 The volume of gas (counting the water as gaseous) from the eipli* 
sion of one gram of nitroglycerine is about 714 cubic centimeters reok' 
oned at 0°, and the temperature is about 3,000°. It is reckoned as tnn 
four to sis times more affective than powder, at least in blasting iMk 
The velocity of detonation in the liquid is 5,300 feet per seooni 
Owing to its properties, nitroglycerine does not need to be conflDsd u 
order to be effective. Exploded on the surface of a rock, it may sliat 
ter the rock, for the action is so qnick that the atmosphere is priK* 
eally unyielding during the short interval. 

572 Id order to reduce the danger in handling liquid nitroglyoeriMt ' 
is absorbed in some solid which in one c1hj;$ of explosives is inert, in ^ 
other class the absorbent is itself explosive, or at least combustible. * 
the first class, and the most common of all, is dynamite, which was » 
vented by Nobol, The absorbent is a kind of clay made up largely 
the silicious remains of minute organisms. This takes \>^ about tbx 
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Mates its weight of nitrogljcerfne and forma & plastic mixture. The 
Telocity oC detonation in dynamite is 20,000 feet per second, four times 
that in the liquid, and its effective inteusity is greater, but in smaller 
ratio; these facts are difTlcult of explaoation. As absorhents, mag- 
□eaia, powdered inica, sawduBt, and eharcoal are used to some extent. 

Bun cotton is an esplosivo of the same chemical type as nitro- 5JS 
gljcerine. It is a nitrate of cellulose ; cellnlose is the alcoholic, organic 

buevhich constitutes the fundamental substance of the plant struc- ■ 

tun, and it is seen in nearly pure condition as cotton liber and filter J 

papr. The nitrate is made from thoroughly cleaned cotton by dip- H 

ping it into the mixture of concentrated sulphuric and nitric acids. In fl 

this instance, also, it is very important that the acids be ooiiiplotely ■ 

wished out, lest they provoke dangerous decomposition ; therefore the H 

cotton, which is hardly changed in appearance by nitrating, is reduced I 

Ui pulp under water, then washed and pressed into compact forma as I 

fluired. When designed for military purposes, it is allowed to relain I 

fponi 10 to 30 per cent of water, which renders it much safer, and does I 

not interfere with its explosion by detonation. In this condition it is H 

stored, for it is not sensitive to friction or percussion, nor to lire until H 

tbe water is dried out of it. Even when dry it is not easiiy exploded H 

b; percussion, and it bums qnietly if unconSned. When pi'operly pre- fl 

pired, it is reckoned as " the safest explosive known." {Walke.) I 
The composition of gun cotton, reduced to the airapUat Urms, is 67fl 

eiproEsed by the formula CtH,0,(NO,),. The following equation shows J 

tint it does not contain enough oxygen for complete combustion : I 

h 3C,H,0,(N0,), + 00 = 13C0, + 7H,0 + 6N. I 

Jvlnthe gaseous products of its explosion (there are-no solids, hence I 

Htmolie) are found carbon monoxide and hydrogen, besides those in H 

I tiio preceding equation. The total volume of gas from one gram of I 

pm cotton is given by one ol>server as 850 cubic centimeters, reckoned I 

I (t 9°. This is more gas than either gunpowder or lutroglycerine gives, fl 

L and tbe temperature produced is also higher than that of gunpowder. I 

I Tbe rslocity of detonation is greater in wet gun cotton than in dry, I 

I tMhing alJOut 20,000 feet per second, nearly four limes the velocity I 

I bidtroglyceriae and about tbe same as that in dynamite. I 
I Qan cotton is used largely as a high explosive for military purposes, 57Sfl 

I "I lotpedoes, and in submarine mines. It is also used as a constituent 1 

I in tnsny other explosives. In some, additional oxygen is supplied by I 

I miring with potassium or other nitrate. Blaaling gelatin is a mix- m 

H|«< of mono- and di-njtrocellulose and nitroglycerine, which contains I 

^^e Oceee of oxygen. (See No. 5SB.) Nitrocellulose is also the chief I 
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water and carbon dioxide slowly, and falle into a Boft pon- 
der, which ia a mixture of hydroxide and carbonate. Tbii 
makee quicklime a useful drying suhatance, especially (or 
gases. On the other hand, if lime is brought in direct con- 
tact with a suitable quantity of water, combination takes 
place quickly with liberation of much heat; the hydroxide, 
Ca(0II)2, ia formed, and appears as a soft dry powder, if 
too much water is not present. This operation is called 
" slaking," and the product " slaked " lime. The heat o( 
hydration may be sufficient to cause fire if comhustibie 
matter is present. The crystallized oxide, on contact witii 
air or with water, changes very much more slowly than tk 
amorphous, and apparently it does not dissolve until the 
combination with water has taken place. 

582 The hydroxide, Ca(OH)i, usually an amorphous powder, 
although crystal lizable, is slightly soluble in water, 100 grans 
of the latter diasolving about 0.18 of a gram of the hy- 
droxide at 30°, hut only one half as much at 100°, The 
solubility, therefore, decreases with rise in temperatnre, 
which is exceptional. The aolction has alkaline reaction 
and is often called "limewater." When more hydroxide is 
present than the water can dissolve, the mixture is callfld 
"milk of lime." The hydroxide loaes its water at a red 
heat, the decomposition beginning even at 100" (Eamaay). 

58S Lime finds a great variety of uses, for instaDcea: in 
mortar and cements ; in making glass, bleaching powder, 
and soda {by the Leblanc process) ; in purifying coal gss 
and sugar ; in preparing many chemicals ; in bleaching m^ 
dyeing cotton fabrics; in tanning leather; in obtaining 
metals from their ores ; and as a disinfectant. 

584 The monoxide and the hydroxide act as base and fon" 
a series of well known salts. The chloride, CaCIs, when 
anhydrous is very deliquesOent, and dissolves abundantly U* 
water with evolution of heat. The crystallized chloride' 
CaClj-SHjO, dissolves with absorption of heat, and, mix©" 
with ice or snow, may reduce the temperature to 




i a convenient freezing mixture. Bleaching powder, 
8 the carbonate, also the phosphate, have been suffloieiitly 
Qsidered in other connections. The sulphide, CaS, iu the 
pure form commonly made, is phoaph ore scent and used 
oewhat in making the luminous piiinta. The sulphate, 
j|j)(, known as " plaster of Paris," is used in cements. 



I 17fl. Mortar and other Cements 

Btnparatlan of lime. — The primitive limekiln or ruroiLce was u pit &8& 
ma ill the ground of a hilMde; into it was piled the limestone 
(itfier large lumps, leaving an opening and cavity at the boltom 
Ibe fnel. The hot gases and the carhon dioxide which is liberated 
then free tn pass upward Ihrongh the loosely packed niuteriftl and 
«pe into the atmosphere. It is important that the carbon dioxide 
thus swept away as produced, otherwise the carbonate may be 
ormed. Permanently constructed furnaces are now largely used, 
ceeeive heating mu8t be avoided, lest it cause the beginning of f iisioti 
icb gives a prodnct that does not easily slake. This is more likely 
liuppen with impure limestone. For other reasons also, approximate 
ily is desirable in many of the uses to which lime li put. 
Ibfftaris a mixture uf lime and sand which dries in the atmosphere &8tf 
t burdens ; it is used as a cement, as a covering for nails, and in 
Dy other way». In its preparalioD, the quicklime is first t^laked and 
vA with water to a thin paste. If sueh a paste is allowed to dry, it 
inks considerably ; therefore it is mixed with sand, and in this con- 
ion it is applied to brick or stone, so that it flIU the separatjag 
ICES completely, and hardens to a compact mass without shrinkage. 
ad, the grains of which are sharp and not rounded by friction, is 
1, as experience has shown that it makes a letter mortar. Afl«T 
B of eiposnre to air the mortar "sets" — that is. partly 
L This is due to drying. After tjiis change, a very slow absorp- 
a dioxide lakes place, with the formation of carbonale, 
aces the second stage of hardening. The saad sertcs not 
ise the bulk of the lime, but also its porosity, and tliii« 
BB tbe absorption of carbon dioxide. If the drying is Uro qtUck 
V the hardening is interfered with, so tbiit moisture 
n importABt pan iu the change : juxt how this is. and bos tbe 
■dioxide penetrates to tbe interior, are not entirely d«ar. It is 
|t that tba sand is not chemically changed in hordeiuDg.altbovgh 
lar ODe hnndred y««rs old, or older, tbe lilk*, frnn S 
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to 6 per cect of it, has been found in combination. 1 
Pyramid of Cheops, although older than 2000 b. c, is practically at Ik 
same coinposiliun ae the modern mixture ; and other mortars ui Fliffi- 
nician, Greelf, and Roman masonry have been esaniined with aimilw 
result. Id some instancea the lime is found converted com p]et<>lr into 
carbonate, in others only portly so. 

7 Hydranlla lima. — H liineatone contains more than about 10 percei 
of clay (aluminium silioate) when it is burned. It yields a limo nhi: 
slakes less readily and with less heat, but which, sets or hardens iclien 
in contact with water or even under water ; hence it is called kydravlif. 
The hardening in this taise is due to reaction between water and lit 
anhydrous silicates and is independent of carbon dioxide. Such limt 
is of value in making hydraulic mortar or cement which is to be nseJ in 
constructions with which water comes in contact. Certaiji natnrul anblF- 
drous silicates of volcanic origin, when finely ground (without bum- 
iug) and mixed with ordinary lime, constitute another variety of bj- 
draulic cement; and blast-furnace slag, if cooled quickly from iI>b 
melted condition, is similarly used with lime. Still a third variety >) 
made by burning at a very high temperature an artificial mixture of 
pulverized calcium carbonate and clay. Of tiiia variety is " Purllind 
Gemenl," wtiioh is mode and also imported in large qnantitj in tbi^ 
country. The materials are ground and intimately mixed, then bumfil, 
and finally ground again. Much of the quality depends upon ll 
proper heating. The setting and hardening are undoubtedly due to 
chemical reaction, but its exact nature is not easily espkined. It is 
supposed that silicate and aluniinale of calcium are formed by ih* 
heating, and that these combine with water and crystallize more at 
less, finally becoming as hard as natural stone, 

( Flarter of Farii is another variety of cement which finds inanyiis«> 

This is made by heating to 120° or 130° the mineral, gypsum, whid' i* 
a hydrated calcium sulphate. CbS0,-2H,O. Only about three fmull" 
of the water is thns expelled, so that plaaler of Paris is chamifaliT 
(CaS0,),-H,O. When this powder is mixed with water to a craPJ 
paste, heat ie liberated, the mixture swells somewhat, and quickly hit^' 
ens to a white porous mass of smooth surface. If the gypsum is hMt" 
to 300°. all the water is driven off and the plaster does not set 
chemical changes of the hardening are explained as follows: Thec'"'' 
pound (CaSO.js-HqO is somewhat soluble, and in solution slowly ce"' 
bines with water, thus : 

(CaSO0iHsO-f-3n,O = 2(CaSO.-2H,0). 
The latter hydrate, being less soluble than the first, separates in mio"" | 
interlacing crystals. PiL.uterof Parisis used as a wall finish in the i'"''^ 
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r of buildings, also for making casts and reproductions for which 
3 property of expanding in setting makes it especially applicable 
artley-Thorpe and F. H. Thorp). 

Review Problems 

1. Assume that magnesium is converted into its iodide (see Exp. 688/1 
/b) by direct action, how much iodine is theoretically needed, and 

w much should the magnesium iodide weigh f 

2. Suppose that one gram of magnesium is to be converted into 
ignesium pyrophosphate and as such weighed ; suggest the practicable 
erations for so doing, writing them out in the form of directions for 
e experiment, based on your knowledge of the properties of the sub- 
mces involved and your experience in experimentation (see Exps. 
6/i and 494). 

3. Calculate what should be the weight of the pyrophosphate thus 
tained. 

4. Suppose that dry magnesium sulphate is to be the starting point 
• the same result as in 2, in what respect would you modify your 
rectionsf What quantity of the sulphate should yield the same 
antity of the pyrophosphate that one gram of magnesium yields f 

5. Does aluminium easily burn f Suggest practicable steps by 
lich one gram of aluminium may be converted into the oxide by 
averting first into the hydroxide. How much should the oxide thus 
tained weigh 1 

6. What is the ratio between those masses of magnesium and 
iminium which exactly react with equal quantities of hydrochloric 
id! Also with equal quantities of oxygen ? 

7. How much iodine should be needed exactly to convert sulphur- 
3 acid into sulphuric acid, making enough of the latter to neutralize 
ictly 39.8 grams of pure sodium hydroxide ? 

8. Sulphuric acid may be completely precipitated from solution by 
iing suflBcient barium chloride solution ; barium chloride in crystal- 
Bd condition has the formula BaCIa-2n20 : calculate how much of 
5 latter would be necessary to precipitate exactly the sulphuric acid 

1 gram of sodium sulphate crystallized (NaaSO4-10H2O)f 

9. How much crystallized silver nitrate (AgNOs) is necessary to 
Jcipitate exactly the chlorine of 1 gram of dry sodium chloride If 

10. What are the relative masses of chlorine and of anhydrous 
'ric acid (HNO») which are necessary to convert equal quantities of 
'reus sulphate, FeO-SOs, into ferric sulphate, FeaOs-SSOs ? (See Nos. 

2 and 317, Part I.) 

11. As between sodium nitrate and potassium nitrate at the same 
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price per kilugraiu, which is the more economical mitterial witliiriiicli 
to eflect oxidation, other things being equal T What ia the ntio al 
economy I 

13. As hetween magnegia and lime at the Bame price pec ptrand, 
which is the mure ecoiioniicul material for liberating a: 
aiiiiiiODlum chloride 1 What is the ratio of economy f 

G. General Survey 

( The general survey made of the first nine elements in»J 
uow he extended to include the seventeen. A study of the 
fuller data of Table VII, No. 590, brings out in a striking 
manner the peculiar progreBsion in properties at first onlj 
BUggeatod. Thus as to nielling point, beginning with fio- 
dium, and again with potassium, one sees a progression 
like that which begins with lithium. The same may be 
said aa to the combining volume, as to the heat of foritialio^' 
the valence, and the iiaaic and acidic function of the oxideS- 
Especially with regard to valence and the basic function is 
clearly seen the tendency to recurring similarities at reg»*" 
lar intervals or periods. Beginning with the alkali mefc^ 
lithium, valence increases by units to a maximum of toaT, 
then decreases to one. und starting again at one with tl»e 
alkali metal sodium, it passes again through the same valaeB 
to reach one in the alkali metal, potassium. In the same 
interval, the basic property diminishes, disappears, and re- 
appears. This is tlie germ of what is known as periodicity- 
Before giving a more detailed study to this important toE>TC, 
it is well to consider some facts descriptive of five idk~^ 
tional elements which may be presented collectively. 
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ELE11E^■TAR¥ PRLVCIPLES OF CHBJUSTKT 



I Following calcium in the lisi of elements are the three 
substances scandium, titaniuiu, and vanadium, of vliioii 
uo detailed description ts judged necessary in this lim- 
ited course. Following these, still in the natural order, 
are fire elements — chromium, manganese, iron, nickel, and 
cobalt. These bear so peculiar a relation to periodicitj, 
and one in particular — namely, iron— so important a rel*' 
lion to every - day life, that some description of then ii 
desirable. 

! History. — Chromium was 6rst iilenliBwl in lis actd-forming oililt 

iu 1797. but the element na^ separateil luuch later. Mangauese dioiidi 
was luiovD ill Terr earlf vests and used in making glass, but It *u 
long confounded with the iDagneiic oxide of iron called loadetoiie, i\A 
the element was diX obtained nntil 1774. Iron has b«ei) known 'roO 
the earliest limes: cren the use ot the mctiil is older than recorW 
historv. An ore of nickel is mentionnl as earlj as 1694. The impiOT 
metal was obtained in 1754. Cobalt in impure condition was described 
about 1735. 

t Natural oocnneuoe. — None of these metals occurs nstive 
to any considerable extent. Free iron and nickel, with 
traces of cobalt, are found in meteorites. Chroiiiiam i* 
neither abundant nor widely distributed. Manganese is 
not abundant but is widely distributed, occurring in nianj 
minerals often associated with iron, also to small extent m 
the soil and in plants and animals. Iron,ou the other hsn*'' 
is one of the most abundant and most widely distribnteo 
of the elements, as well as one of the most important in i*^ 
relation to the industries. It is found in many mineral*^ 
also in the soil and in natural waters. It is an essentt*' 
constituent of plants, being found with the green matte' 
named chlorophyll ; also of animals, coiiBtitnting 0.2 P*^ 



nt of the red coloring matter of the hlood. Iron is also 
■esent in the aun and many fixed etare. Nickel and cobalt 
■e generally found together, but neither is very abundant 
■ common. Both oiist in the sun. 

The chief ore of chromium is chromite, or chrome iron- 594 
;one, FeO-CrjOa. Lead chromate, PbCr04, is found native, 
ud emerald with some other green minerals owe their color 
a small quantity of chromium which they contain. The 
Host important ore of manganese is the dioxide, MnOj, 
tnowa as pyrolusite, also as the black oxide. Manganese 
s often found with iron. Iron occurs in great abundance 
la a sulphide, FeS(, named iron pyrites, but this ia not used 
la n source of iron. For this purpose the most important 
ires are the oxides. Among these are hematite, FejOg, or 
ipecnlar iron ore; Hiiwtiile, the hydrated oxide, or brown 
bmatite ; and mitgnelife, or loadstone, FcaOj. Spathic ore 
w giderite is the native carbonate, FeCOj. Nickel occurs 
in combination wiLli sulpimr, also with arsenic, and as 
Jiide and silicate. Cobalt in its most common ore ia com- 
Jined with sulphur and arsenic. 

Fieparation. — These elements are obtained in the metallic 595 
'onditiou, but uot pure, through the removal of oxygen 
rom their oxides by heating with carbon. Iron and nickel 
Te thus commercially obtained, also alloys of iron with 
osnganese and chromium. The elements are obtained in 
niror condition from the chlorides by electrolysis or by 
leating with magnesium, or iu the caaes of iron, nickel, 
md cobalt, by reducing their pure oxides with hydrogen. 
In nickel plating, the metal ia deposited electrolytically. 
The commercial preparation of iron will be considered in a 
folloiviug section. 

Properties.— These elements are all metallic, and in the &m 
(impact condition they are grayish-white, hard, and may 
1» highly poliaiied. Their melting points are high but not 
SMutBtely enough determined to permit of satisfactory 
toparison. That of chromium is probably the highest of 
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33a. Commercial Iron 

607 Tha oomineTcial foimi of this most inipoKaiit tneUl are unnBr 
groiipeil under three heads— cast irtio, steel, anil wrought iron. ' Thw 
differ very cnnBiderablv. espeeially as to their phjsical properties, al- 
though themically the difierence is chiefly as to the proportioi 
bon wliich they contain. As Ibis, in part at least, is combined vitfa Cbl 
iron, evidently the difference in properties should not beregnrdedu 
due entirely to impurities, but to some extent as the difference of nut 
compounds. At the sa,rae time there seems to ha no sharply diviiiinj 
liuo between the several varieties, and they pass gradually i 
other. Wrought iron is the purest variety, containing geDerallj' lass 
than O.IS per cent uf carbon. Cast iron contains from 1.6 to Bpci 
cent of carbon and is the most impure, while steel is between tho Iwa 
In ca^t iron the carbon is partly combined with the iron as a carbide, 
and this, when the metal is dissolved in acid, forms a hydrocarbon 
wilh the hydrogen of the latter. The uncombined carbon appears tbiin 
as graphite. The total carbon appears in the latter cundition.wi 
the metal is dissolved by a copper salt. (Compare Exp. IT/i and nole-) 
Two subvarietie.'' of cast iron are recognized, the vihile ai 
Id the former the eombined carbon p redo mi nates, in the latttcllit 
graphite. The gray variety is softer and melts at a higher tetppeiv 
ture. but is better for casting tiiau the wiiUe because i 
Slow cooling favors the production of the gray, rapid cooling oft'" 
white, perhaps because the carbides, formed at the high tempcratUTt, 
tend to decompose on cooling. 

608 Silicon is also an impurity of cast iron, averaging from 1 ti 
Dent.' In these proportions it tends to make the metal soft and strool 
and suitable for casting, but in larger proportion it renders it hard Bi*° \ 
brittle. High temperature and silicioiis "slags" in the process *" 
manufacture tend Co increase the quantity of silicon in the product. 

609 Sulphur is an objectionable impurity, which is present only in sn*^ 
quaniity^a few hundredths of 1 per cent in good cast iron. High te"**' 
perature iu making, and the presence of silicon or manganese in *> " 
metal and uf lime in the slag, tend to eliminate the sulphur. 

Mangantse is always present in cast iron. With 2(1 per cent or m**^ 
the product is known as fen'o-manganese. Its presence is gener a * ■ 
advantageous. 
810 Phosphorus has a bad effect in making steel and wrought i^^* 

brittle. 

The following table gives, for illustration, the composition of s^^* 
pies of cast iron, steel, and wrought iron : 
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' Gray 

UENTS. cast 

' iron. 


White 
cast 
iron. 


Besse- 
mer soft 
steel. 


Siemens 
soft steel 


Hard 
steel. 


Cruci- 
ble 
steel. 


Wrought 
iron. 


3 carbon 
i " 

se 

•us . . : . 


2.65 

0.08 
2.95 
0.40 
1.84 
0.06 
92.02 


0.20 
2.00 
0.71 
0.50 
0.47 
0.19 
95.93 


0.126 

0.135 

0.158 

0.06 

0.014 


0.167 
0.023 
0.044 
0.062 
0.013 


1.144 
0.166 
0.104 


0.36 
0.02 
0.30 
0.03 
0.02 


0.06 
0.04 
0.08 
0.20 
0.05 



nelting point of wrought iron is given as varying from 1,900° to 
steel from 1,300*' to 1,400% and of cast iron from LlOO** tq 1,200°. 
oanafEUStnre. — The ores commonly used in making iron are the 611 
• carbonates. In some instances these undergo a preliminary 
>r calcination, for the purpose mainly of converting the ferrous 
ds into the ferric, and of making the material more porous. 
>re is reduced in the blast furnace. This is an upright shaft, like 
limney, but considerably narrower at the top and bottom than 
idle, so that the upper and lower thirds of its height are conical 
f cylindrical. This is lined with fire-brick, the outside being 
ron plates. The charge is introduced at the top and consists of 
ith alternate layers of coke and limestone. The blast of air, 
)ressure varying from four to ten pounds per square inch and 
Derature of 200° to 400°, is forced in at the base. The follow- 
3S give an approximation of the relative quantities employed: 



Hiarge. 

ined ore 48 

istone 12 

20 

: 100 



Cwt. Products. Cwt. 

Iron 20 

Slag 30 

Waste gases 130 



180 



180 



chemical reactions are complicated. Their general character 612 
hus described : The fuel is converted into carbon dioxide and 
3. The ore in the first part of its descent is rapidly heated to 
iss. At this temperature the monoxide, which constitutes 36 per 
le gases at this portion of the furnace, acts on ferric oxide thus \ 

FeaOa + 3C0 = 2Fe + 3C0,. 

is in the form of metallic sponge, the temperature not being 
ugh to melt it. Below the region of this reaction the lime- 
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terminations of the combining weights. To the work o' 
Staa (1860-'65) in this matter reference has el ee where bee' 
made (see No. Ii5). Hia results reached the highest d< 
gree of accuracy np to that time attained, and still remii 
unsurpassed. The outcome proved that the combinin 
weights in many instances conld not be reckoned as who 
numbers. Dumas then argued that they were exact mull 
pies of one half. But clearly, if speculation is to go totb 
extent, the exact combining weights need be no ohstaci 
for by choosing a basal quantity sufficiently small any s 
of numbers may be reckoned as exact multiples of the ic 
mer. This conception that the elements may have be* 
derived from some single primitive substance is known 
the unitary theory of matter, and it still receives more 
less attention. 

I Feiiodioity. — The arrangement of the elements in tJ 
order of increasing combining weights was first propos* 
in 1853 by Gladetone, an English nhemist, bnt there w 
much inaccnracy in the values of that day, and he fail* 
to discover what was later revealed by a similar arrang 
ment. The first clear recognition and formulation of tl 
law of periodicity is generally credited to Mendelfiefl, 
Russian, and to Lothar Meyer, a German, who publish* 
their views at nearly the same time (1869) and indepen 
ently of each other. The name of the former is rao 
commonly associated with the law. After the law as a 
noitnced by them had received very general attention, it w 
discovered that in 1864 an Englishman named Newlam 
had published a paper in which, under the name of " D 
Law of Octaves," he seemed to have recognized in a met 
ure the phenomenon which was later and better nam' 
periodicity. Newlands's work, however, received but litt 
attention at the time. 

1 The law maybe thus formulated: The eletnenta bei' 
arratiQfd in the order of increasing combini^ig weights, tht 
properties vary from element to elemem, but tend to rettt' 
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similarity at rey lar intervals or periods. This is ex- 
essed more technically as follows : The properties of the 626/1 
ments are periodic functions of their combining weights, 
le groupings brought about under the law are conven- 
itly set forth in tabular form, as seen in Table VIII, on 
3 following page. 

The Elements iy Periods 

Thus tabulated, the similar elements fall into the ver- 628 
il columns, usually designated as groups or families, and 
horizontal rows constitute the periods. (Hydrogen is 
included in the table. It may be looked upon as the 
5 representative of one period.) The periodic variation 
properties becomes clearly evident in the first and second 
iods. It is to be particularly noted that the change 
oa extreme acidic to extreme basic function is abrupt in 
sing from fluorine to sodium, and that the valence is 
changed. The same is true in passing from chlorine to 
assium. In the third period the placing of manganese 
ihe sixth group is one of the unsatisfactory and puzzling 
bures of the scheme, for it is rather difficult to find any 
Je relationship between it and chlorine and fluorine. It 
iistinctly metallic and the lower oxide, MnO, acts as 
B, while the oxides, MugOe and MugOY, act as acids. It 
31S never to act as a monad. Between manganese and 
per, which is placed in Group I, are three metals — iron, 
kel, and cobalt — whose combining weights are close to- 
her, and whose properties are very similar. They act 
lost exclusively as bases, and they show no valence less 
n two. Then follows copper, which acts only as a base 
I has a valence, in some compounds, of one, like the 
alios, and in others a valence of two, like the iron, 
kel, and cobalt. These three elements, therefore, make 
5 change gradual from Group VII to Group I, and they 
istitute what is called a transition group. 
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1 bromine. Group VII, period i, which ia very simi- 62ft 
lilorine, the change is again ahrnpt to ruhidium, 
1 5, which greatly resembles potaBsiuoi. On the other 
1^ the passage from period 5 to period 6 is through the 
ption group of three elements, but the representative 
pe seventh group in this period is lacking. From 
|(l 6 to period 7 the change from iodine to casium is 
fot. The last portion of period 7, the whole of period 
u the first portion of period 9 are lacking, although 
fcly some of the rare elements (Nob, 53-60, Table XI, 
(644) which arc not yet suEBciently well known may 
^fiU some of the vacant places. 

Tke Elements by Groups 

he consideration of the groups brings out some addi- 680 
1 features. Thus in Group I, after the second period, 
BaemblaEce between potftSBium, K, rubidium, Rb, and 
jju, Cb, is much more marked than between these 
Bopper, Cu, silver, Ag, and gold, Au. The former 
■are also more like aodinm and lithium than are the 
'three. The former are set off to the left and the lat 
I the right of the column. It ia notable that they alter- 
\ The same plan is followed in all the other groups, 
be divergence in properties between the left-hand and 
l>hand series is especially marked in Groups I, II, VI, 

ni. 

keral instances may be noted of approximately equal 
B&ces between Buccessive combining weights in the 
al columns. (See also No. 633.) 

ie comparison of properties in vertical columns, as 681 
was done in the horizontal rows, shows the progres- 
properties also in this direction. Some such nu- 
Taluea for Groups I and 11 are tabulated on the 
page, in order to make the relation quickly evi- 
the eye r 
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Tabu IX 
Melting Points 

I n 

Li 180= Gl 1,230** 

Xa 96^ Mg 500**-600** 

K 65^ Cn 1,330^ (?) Ca 760** Zn 420 

Rb39^ Ag 1,040= Sr ? Cd 320 

Cs 27= Au 1,240= Ba ? Hg -39 



€S4 






Combining Volumes 



n 



11.8 

53.5 
45.1 7.1 
56.5 10.1 

70.5 lai 


4.9 
13.8 
51.2 9 
34.8 13 
37 14.6 


Formali^pn Heal of Oxides 


I 


11 


141,500 
100.400 
98.500 40,5^00 
? 5,900 

• • 


> 

143,400 (?) 
145,000 85,800 
158,400 66,400 (?) 
154,500 50,700 


Formatiofi 


Htied of Oihrides 


I 


n 





93,^500 


• 




97.600 


151,000 


^30 


35.S50 


169,5^ 97,500 


V 

m 


59.400 


lS4,fK)0 93,500 


• 


5,SO0 


194,700 53,500 



SoluhiUfy of Cldoridi'4: 

I II 

63,7 fO") Verr soL 

35.: (1") 55.5 (0^^) 

58.7(1=) Insol. 50 (O'l 300 (If 

76.4(1^} InBoL 44.5 il') 143 (5* 

:" Insol. 3l.:2 .1'^ 7,39 (5 




mie law of means. — It is evident from data of the kind 687 
Sd that each clement tends to be intermediate in its 
iperties between the element whicii precedes it and that 
leh follows it, both in the periods and in the groups. 
' ■endeleeff'B predictioiis.— At the time that Mendel6eS 6SS 
bliahed his table, based on the law of periodicity, there 
s no element in the list between calcium, II 3, and tita- 
im, rV 3. He saw clearly that the latter should he placed 
jGroup IV, from its resemblance to silicon and carbon. 
I iherefore left the space III 3 unoccupied. Also be- 
Ben zinc, n 4, and arsenic, which evidently belonged in 
4, no element was known. He therefore left two blank 
ices at these points. But, more than this, confident in 
8 fundamental truth of the law which he had announced, 
tSfiirmed the probable existence of elements with prop- 
1 which would fit them in these vacant spaces, and 
redicted thoir ultimate discovery. Furthermore, he 
licted with considerable de&iitenegs their properties 
jjeveral respects, including combining weight, valence, 
' ing point, solubility, basic and acidic function, etc. 
S75 a new element was discovered by Lecoq de Bois- 
ran, a Frenchman, and named by him gaUiu7/i, in honor 
country. Its properties were fonnd to agree almost 
Sin for item with those predicted by Mendeleeff for the 
iknown element. III 4. In 1879 another new element 
*8 discovered by Nilson and named scandium, in honor of 
landinavia. This was found to be Mendel6efi's unknown 
Bment III 3, agreeing closely with the predicted proper- 
ii. In 1886 a third remarkable verification of the law 
Hmade in the discovery, by Winkler, of an element which 
med germanium^ and which corresponds closely with 
kment predicted for IV 4, Thus in three separate 
B has discovery justified in the most striking man- 
e faith of Mendoleeff, that he had formulated a great 
\ fundamental truth of nature. And it is interesting 
e three nationalities which, in the commemorative 
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names of ihe three elements, bear witness to the brilliMit 
discovery of a BuBSiun. An analogous diBcorery in satron- 
omy affords an interesting comparison. Based apon olx 
served peouliarities in the motion of the ontermost planet 
of the solar system as known at that tim&— namely, tlK 
planet Uranus— the French astronomer, Leverrier, and an 
Englishman, Adiuns, concluded that there must be a plaoBi 
outside of Uranus, and they calculated its probable poaition 
at a specified time. Their snrmise and calculations were 
verified shortly afterward by the discovery, in 1846, of the 
planet Xeptune by Galle, of Berlin, in the position indi- 
cated by the calculations. 

) Mende!4eff at a more recent date (1889) has said: "I 
foresee some more new elements, but not with the same 
certitude as before," and he describes a possible element 
for the place, VI 10 (Principles of Chemistry, vol. ii, ?■ 
447). Much interest, too, would attach to an element for 
the place, VII 5. Naturally the discovery of a ne» de- 
ment at once suggests the question, Where will it fit in 
Mendeleeff's scheme ? And bo, concerning the more re- 
cently discovered elements, argon, helium, and neon, that* 
is much discussion with reference to this matter witho*** 
as yet, it must he said, any satisfactory conclusion. 

( ApplicationB of periodicity, — The notion of periodioi't; 
once established, it is applicable in determining the co. 
bining weight from the experimentally determined eqniv"* 
lent weight. Thus in the instance of glueinum tbe rel* 
tioii of periodicity was urged in favor of the combinit* 
weiffht, a, the second multiple instead of 13.5. the thi*" 
multiple, before the determination of the specific graH* 
of the gaseous chloride confirmed the choice of the fonn^^ 
There is still question as to the exact combining weig*^ 
of tellurium. VI (J. Its periodic relation should makett^ 
value lonB than that of iodine, while recent determinatio" 
show a itlightly higher value, and it is doubted if thesO 
stance in hand is truly elemental. There is a similar qu< 
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as to the relative order of nickel and cobalt, VIII 3. 
in, new and more accurate determinations of the com- 
ng weights established the periodic order of osmium, 
um, platinum, and gold, as given in the table, whereas 
earlier order was gold, iridium, platinum, and osmium. 
londusion. — Finally, although there are still unsatisfac- 641 
features of the Mendeleeff table when it is attempted 
iclude all the elements, particularly among those of 

combining weight and those of which little is now 
fn, and although the law is still incompletely and 
)rf ectly expressed, it may nevertheless be fairly claimed 
s behalf that it is a discovery of the very highest order. 
1 claim is justified by the broad significance of the 
jrlying principle, by its usefulness in testing the valid- 
»f conclusions, by its revealing otherwise unrecognized 
ions, and by its fertility of suggestion. As Mendel6eff 
, a true law of nature leads to improved methods of 
wrch, anticipates facts, foretells magnitudes, gives a 
. on nature (Principles of Chemistry, vol. ii, p. 26). 
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! The Btartiag point of this brief coarse vaa^ 
obserration that the things about us are not p 
changeful. In your developing eipericDce yon b 
these changes grow beTilderingly numerous and 
Then, deepening penetration hais shown all their oq 
resoWed into the simpler changes — namely, thq 
tions and recombinations of the elemental fonm" 
Looking still farther into the nature of theae c 
hare seen that thej are subject to Eim|de lavs a 
as a consequence of which they manifest themaal 
Afisociated in a pecaliar manner with certain d 
t>( matter. Xext,one phenomenon after a 
ol most diverse nature, has been brought intoci 
with these same definite masses. The fallow 
t^ndeil the range of your experience and bHK^ 
oloeer aoqnaintsnce with a few cl thai 
nrivd kinds of matter. Aitd,fiiiaDy,t 
maltiplioity a&d Tariety. an brongfat i 
with th«' same deinite mimen. And tbocfl 
WIS* would be clwotio and nrmxaa^bees renah^ 
as the onler *»d ^yHawtrr at i 
thitijra. What JIM ban m«b and heard is l«fcf 
nstlT motv rMK^tts untald aad ret i 
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t, now at the end of the course, if you have come to 
Jize somewhat better than before the beauty and signifi- 
ice of the physical world in which you live, and have 
3n brought into closer touch with the great nature of 
lich you form a part, then you have gained something 
worth which will stay by you long after the single facts 
d experiences which were its accompaniment shall have 
ssed from your minds. 
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Table X. — The Elements in Alphabetical Order 



No. 

11 
46 
74 
30 
50 
70 

4 
32 
43 
49 
17 

5 

52 
15 
21 
25 
37 
26 
58 

8 
56 
28 
29 

3 

66 
73 

1 
44 
47 
64 
23 
51 
69 

2 

10 
22 
67 



Name. 



Aluminium 

Antimony 

Argon 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium. 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium or niobium . . 

Copper 

Erbium 

Fluorine 

Gadolinium 

Gallium 

Germanium 

Glucinum or beryllium . . 

Gold 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Lanthanum 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 



Symbol. 


Ck>inbining 
weight. H=l. 


Al 


26.9 


Sb 


119.1 


A 


19.8 


As 


74.4 


Ba 


136.39 


Bi 


206.5 


B 


10.86 


Br 


79.35 


Cd 


111.4 


Cs 


131.9 


Ca 


39.7 


C 


11.91 


Ce 


139.0 


CI 


35.18 


Cr 


51.74 


Co 


58.6 


Cb 


93.0 


Cu 


63.12 


Er 


164.7 


F 


18.91 


Gd 


155.6 


Ga 


69.4 


Ge 


71.9 


Gl 


9.0 


Au 


195.7 


He 


1.98 


H 


1. 


In 


113.0 


I 


125.89 


Ir 


191.6 


Fe 


55.6 


La 


137.45 


Pb 


205.34 


Li 


6.97 


Mg 


24.10 


Mn 


54.57 


Hg 


198.5 



Combining 
weight. 0-1®- 

27.1 
120.0 

75.0 

137.4 

208.1 
10.95 
79.96 

112.2 

132.9 
40.0 
12.0 

140.0 
35.45 
52.14 
59.0 
94.0 
63.60 

166. 
19.06 

156.8 

70.0 

72.5 

9.1 

197.2 

1.008 
118.9 
126.85 
193. p 
56.0 
138.5 
206.9 
7.03 
24.28 
55.0 
200.0 
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Ta^ble X. — The Elements in Alphabetical Ori^er {continued) 



i 



15 

B6 



Namb. 



Molybdenum . . 
Neodymium . . . 

Neon 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus . . . 

Platinum 

Potassium 

Praseodymium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium . . . . 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium . . . . 

Ytterbium ... 

Yttrium 

Zinc 

Zirconium 



Symbol. 


Combining 


Combining 


weight. H=l. 


weight. 0=16. 


Mo 


95.3 


96.0 


Nd 


142.5 (!) 


143.6 (?) 


• • • 


9.5 




Ni 


58.24 


58.7 


N 


13.93 


14.04 


Os 


189.6 


191.0 





15.88 


16.00 


Pd 


105.6 


106.4 


P 


30.8 


31.0 


Pt 


193.3 


194.8 


K 


38.82 


39.11 


Pr 


139.4 (?) 


140.5 (?) 


Rh 


102.2 


103.0 


Rb 


84.78 


85.43 


Ru 


100.9 


101.7 


Sm 


149. (?) 


150. (?) 


Sc 


43.8 


44.1 


Se 


78.5 


79.1 


Si 


28.2 


28.4 


Ag 


107.11 


107.92 


Na 


22.88 


23.05 


Sr 


86.95 


87.6 


S 


31.83 


32.07 


Ta 


181.6 


188.1 


Te 


126.5 


127.5 


Tb 


158.8 (?) 


160. (?) 


Tl 


202.6 


204.1 


Th 


230.8 


232.6 


Tu 


169.4 (?) 


170.7 (?) 


Sn 


118.1 


119.0 


Ti 


47.8 


48.1 


W 


183. 


184.4 


U 


237.8 


239.6 


V 


51.0 


51.4 


Yt 


171.7 . 


173. 


Y 


88.3 


89.0 


Zn 


64.9 


65.4 


Zr 


89.7 


90.4 



242 ELEMENTARY PRINCIPLES OP CHEMISTRY 



644 



Table XL — The Elements in Natural Order 



No. 




1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

•19 

20 

21 

23 
24 
25 
26 
27 
28 
29 

:u> 
aa 

5i5 

mi 



Hydrogen 

Lithium 

Glucinnm or 

bervllium 

Boron 

Carbon 

Nitrogen 

Oxygen 

Fluorine 

Sodium 

Magnesium 

Aluminium 

Silicon 

Phosphorus 

Sulphur 

Chlorine 

Potassium 

Calcium 

Scandium 

Titanium 

Vanadium 

Chromium ... . 

Manganese 

Iron 

Nickel 

Cobalt 

Copper 

Zinc 

Gallium 

(^ormanium . . . . 

.VrsiMiic 

St^enium 

l^riMniuo 

Kubidium 

Str\Mitium 

Yurium 

/.irwnium- 



SymboL i 



H 
Li 

Gl 

B 

C 

N 



P 

Na 

Mg 

Al 

Si 

P 

S 

CI 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

Xi 

Co 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Rb 

Sr 

Y 

Zr 



Equiralent 
weight. 



Fac- 
tor. 



1. 
6.97 

4.5 

3.62 

2.9775 

4.643 

7.94 
18.91 
22.88 
12.05 

8.967 

7.05 
10.267 
15.91 
35.18 
38.82 
19.9 
14.6 
11.95 
17.0 
17.25 
27.28 
27.80 
29.12 
29.3 
31.56 
32.45 
23.13 
17.975 
24 S 
39.2 
79.35 
84.78 
43.47 
29.4 
22.43 



Oombining 
weight.* 
H = l. 



1 
1 

2 
3 
4 
3 
2 
1 
1 
2 
3 
4 
3 
2 
1 
1 

2 I 

3 I 

4 i 
3 : 

^ I 
2 : 

2 f 

2 

2 

2 

2 

3 

4 

3 

2 

1 

1 
f> 

3 
4 



1. 
6.97 

9.0 
10.86 
11.91 
13.93 
15.88 
18.91 
22.88 
24.10 
26.9 
28.2 
30.8 
31.83 
35.18 
38.82 
39.7 
43.8 
47.8 
51.0 
51.74 
54.57 
55.6 
58.24 
58.6 
63.12 
64.9 
69.4 
71.9 
74.4 
78.5 
79.35 
84.78 
86.95 
88.3 
89.7 



• At\H^r\Un^ to l^larko, Jvmrnal v->f the American Chemical 
xxit ^^I8« Kobnmry» 1S1H>: and Kiohards, American Chemical . 
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Table XL — The Elements in Natural Order {continued) 



\ 
) 
) 
I 
I 
3 
4 
5 
fi 

:7 
% 

iO 
il 
i2 
3 
4 
5 
6 
7 
8 
9 

1 

3 
4 

5 
6 

7 

e 

19 
•0 

74 
75 



Name. 




Columbium or 

niobium 

Molybdenum . . . 

Ruthenium 

Rhodium 

Palladium 

Silver 

Cadmium 

Indium .... 

Tin 

Antimony 

Iodine 

Tellurium 

CaBsium 

Barium 

Lanthanum 

Cerium 

Praseodymium.. 

Neodymium 

Samarium 

Gadolinium . . . 

Terbium 

Erbium 

Thulium 

Ytterbium 

Tantalum 

Tungsten 

Osmium 

Iridium 

Platinum 

Gold 

Mercury 

Thallium 

Lead 

Bismuth 

Thorium 

Uranium 

Helium 

Argon 

Neon 



Cb 
Mo 
Ru 
Rh 
Pd 

Ag 

Cd 

In 

Sn 

Sb 

I 

Te 

Cs 

Ba 

La 

Ce 

Pr 

Nd 

Sm 

Gd 

Tb 

Er 

Tu 

Yt 

Ta 

W 

Os 

Ir 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Th 

U 

He 

A 



Equivalent 


Fac- 


weight. 


tor. 
3 


31. 


47.6 


2 


50.45 


2 


51.1 


2 


52.8 


2 


107.11 


1 


55.7 


2 


37.67 


3 


29.5 


4 


39.7 


3 


125.89 


1 


63.25 


2 


131.9 


1 


68.20 


2 


45.81 


3 


34.75 


4 


46.5 


3 


47.5 


3 


49.7 


3 


51.87 


3 


52.93 


3 


54.9 


3 


56.5 


3 


57.2 


3 


36.3 


5 


91.5 


2 


47.4 


4 


47.9 


4 


48.33 


4 


195.7 


1 


99.25 


2 


67.51 


3 


102.67 


2 


68.83 


3 


57.7 


4 


59.45 


4 

• • 


• 


« • 
• • 



Combining 
weight. 
H = l. 



93. 

95.3 
100.9 
102.2 
105.6 
107.11 
111.4 
113.0 
118.1 
119.1 
125.89 
126.5 
131.9 
136.39 
137.45 
139.0 

139.4 (!) 

142.5 (?) 
149. (?) 

155.6 (!) 
158 . 8 (!) 

164.7 (!) 
169.4 (!) 
171.7 (!) 
181.6 
183.0 
189.6 
191.6 
193.3 
195.7 
198.5 
202.6 
205.34 
206.5 
230.8 
237.8 

1.98(!) 

19.8 (?) 

9.5 (!)l 



Ck>mbin- 
ing wt. 
= 16. 



94.0 

96.0 
101.7 
103.0 
106.4 
107.93 
112.3 
113.9 
119.0 
120.0 
126.85 
127.5 
132.9 
137.4 
138.5 
140.0 
140. 5(!) 
143. 6(!) 
150. (!) 
156. 8(!) 
160. (!) 
166. (!) 
170. 7(!) 
173. (!) 
183. 
184.4 
191.0 
193.0 
194.8 
197.2 
200.0 
204.1 
206.9 
208.1 
232.6 
239.6 



INDEX 



Qces are to marginal numbers. Part 11 is designated by the Roman 
the appendix by the abbreviation Ap. The numbers are the same 
opics in Parts I and II. 



180, 28I/2. 
1, 30/1. 

264. 
[1. 
541. 
,343. 

ric, 533-535. 
«ic, 405, 406. 
huric, 510-512. 
ous, 538. 
as, 314. 
-332. 

^chloric, 331/2, II. 
JO. 

, 541. 

3, 494, 495. 
us, 493. 
d, 30/6. 
:, 474. 
519-526. 
s, 516. 
iric, 522. 
nbination, 441. 
npound defined, 336. 

• 

ned, 215. 

tiange defined, 13. 

d, 456. 



Aluminium, 448-465. 

manufacture of, 462-465. 
Ammonia, 334-338. 

compounds, 336, 337. 
Amorphous defined, 21/5. 
Analytic reaction defined, 31. 
Anhydrite, 578. 
Anhydrous defined, 21/7. 
Anthracitic diamond, 240. 
Apatite, 485. 
Argon, 396. 
Arrhenius, 176. 
Asbestos, 443, 
Asymmetric defined, 185. 
Atmosphere, 388-395. 
Atom defined, 171. 
Atomic theory, 40/6, 157-186. 
Atomic weights defined, 173. 
Atoms, heat capacity of, 175. 
Avogadro's hypothesis, 165. 
Azote. See Nitrogen, 306. 

Bacteria in nitrification, 328. 

in water, 377. 
Balances, Ap. 1. 
Barometer, Ap. 15 B. 
Base defined, 3O/2. 
Basic salt defined, 30/6. 
Basicity of acids, table, Ap. 23. 
Bauxite, 449. 
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Bending glass tube, Ap. 9. 


Carbon, gas, 251. ^^M 


Benwiiii?, 383. 


Carbon as constituent, 347. ^^H 


Bergmftmi, 359, 


dioiide, 259^368. W 


BerthoUet, 31/^. 


dioxide, weight of one Wait 1 


Beryllimn. SeeGluciDum,21B-218. 


termined, 81/,, 81/,, IL J 


Berzeliua, 466. 




Blaek, 250, 577. 


Carbonado, 240. ^^1 


BluHting gelaiin, 575. 


Carbonates, 265, 269-371. ^^M 


Bleaching powder, 547, 548. 


Carbonic acid, 261. ^H 


Blowpipe, use of. Ap. 21. 


Carborundum, 258. ^^^| 


Boiling defined, 11. 


Cavendish, 20U, 326. 368, tO^M 


Boiling point affected, 24/,, 24/,. 


Chart:»al, 252, 254. ^^M 


apparatus, Ap. 17. 


Cliarleis's Law, 6T-67/,. ■ 


defined, 24. 


apparatos, 67. II. 


Boiling temperature, eonstant at 


Chemical properties defined, i- 


eleTation, 130. 


change, essential feetnte "t 


coDStantB, tables, 132-135. 


13. 




change, seeondarr featuws, U- 


n. 


Chemiam, 51. 




ChemialfT defined. 2. 


specific elevation of, 12fl. 


Chromile, 5M. 


Bone black. 253. 


Chromium, 592-606. 


Boras. 228. 


Chlorine, 527-532. 


bead, 838. U. 


raanufactare, M2-548. 


Boric acid, 225. 


oxides. 536-540. 


Boron. 220^28. 


Chloric acid, 541. 


Bojle. 66/,. 888. 


Chlorous acid, 541. 


Bojie's Law, 66. 


ChloiophjU, 266. ^^H 


apparatus for, 66. II. 


Classification, early, 831, li^^| 


Brand. 484. 


Coal. 296-300. ^^1 


Brimstone. See Sulphur. 


Coal gas, 301. 302. . ^^ 


Bromine, 541/,. 


Cobalt, 592-«». i 


B«mph.g.a4/.. 


Coefficient of expansion. «T, U- 


Bunson. ISO. 


Coke, 253. 


Buland, SiS. 


Combining -^eights of «](«>*>«• 


B^lylotl^ aT«. 


defined. 44, 45. 




determination of. ISO-lH. 


C«)t<in>u, aT7-MU. 


list of, 643. 644. 


rkWiedrflDcd. SO,,,II. 




I'aritidc*, sas. 


minaiion ot 155- 




weights, systan of, «. 


wnorphou.. ««-«». 


Combustion, U/^ U, SSi.^^^ 
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of sulphur, 13, II. 
L defined, 15. 
defined, 27. 

defined, 10. 

). 

449. 

William, 348. 
I. 

Lon, 21/4. 

21/7. 

5S tube, Ap. 7. 

159, 174. 

w (Charles's Law), 67/2. 

A p. 22. 

umphry, 220, 235, 407, 

\ 548r, 577. 

lefined, 18/B, II. 

ion defined and illus- 

16. 

m, I6/1, II. 

defined, 2I/7. 
t defined, 21/8. 

distillation of wood, 



395, 404. 
35-241. 

241. 

', law of, 203/1. 

J defined, 21/5. 

1, electrolytic, theory 

jfined, 12. 
defined, 12. 
pparatus, A p. 18. 
43. 

K 
Petit, 100. 
)-106. 



Dumas, 621, 623. 

Dynamie chemistry defined, 26. 

Dynamite, 572. 

Ebullition defined, 11. 
Effervescence defined, 13/i (6), II. 
Efflorescent defined, 21/8. 
Electric furnace, 241. 
Electrolysis defined, 202. 
Electrolytic dissociation theory, 

176. 
Element defined, 27. 
Elements, free or combined in na- 
ture, 192. 

in the living organism, 191. 

list of, 643, 644 

metallic, 193. 

non-metallic,. 193. 

their chemical activity, 198. 

their distribution, 189. 

their oxidation heat, its range, 
199. 

their range in boiling point, 
195. 

their range in density, 196. 

their relative quantity, 190. 
Energy, chemical, familiar forms, 
60. 

chemical and electric, 59. 

defined, 1. 

persistence or conservation of, 

34/9. 

persistence or conservation of, 

. in chemical phenomena, 50-60. 
Endothermic defined, 54. 
Epsom salt, 443. 
Equations, 63-63/,. 
Equivalent proportions, law of, 
41-46. 

weight defined, 42-44. 

weights, accuracy of, 145-148. 

weights, basis of, 146. 
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Gas, TOlnmetric proportjoiu, ^■ 


ol, 143-149. 


47/,. 


weights, list of, 043, 644. 


Gases, kinetic theory of. 164. 


Ethane, 278. 


Oases, volume, pressure, xai tem- 


Ethylene. 279. 


perature, 66-67/.. 


Evaporating to dryness, Ap. 13. 


Gaj-Lussac, 47/,. 89, 320. 


Evaporation defined, 11. 


Gay-Lnssac's Law (specific gr^»' 


Exchange, double, IB. 


ties), 71-94. 


Eiotheimic defined, 54. 


see Charles's Law. 6?/,- 


Kiploaives, 555-576. 


(volmnetric proportions). 47. 




Generator, gas, A p. 6. 


Factors defined, 26. 


Germanium, 638. 


Feldspar, 483. 


Gladstone, 625. ^^ 




Glass, 477-461. ^H 


Filtration, filtrate defined, 18 A <c), 


soluble. 476. ^H 


11. 


Glucinum, 216-219. ^H 


FUtration. the manipulation, Ap. 


Graduated cylinder, Ap, M. ^^H 


18. 


Graphite, 343-34a ^H 


Fixed proportions, the law of, 37- 


Guano, 503. ^^M 


37/,. 




Fiame, nature of, 384-292, II. 


Gunpowder. !J56-9», ^H 


FlHor spar, 401. 


Gypsum. 507. 578. ^H 


Fluorine, 401-406. 


^^H 


Fluorite, 401. 


Halogens defined, 541/,. ^^ 




Hardness ol water, 37S-375/,. 


nation. 159-155. 


Heat capacity of atoms. 175. 


Porninta weight. 68/». 


Heat disturbance. 50. 


Freeting defined. 10. 




Preeilng point defined, 23. 


Heat. measurementof,54.o5, K^*" 




of neutralization, 50, t, II. 


i>cut8tHikts of depression, table. 


summation, law of. 56. .^^^ 


iaO-183. 


unit of. defined. 50/,. IL ^^1 


cl«pResiuuof. 38/,. 


Heats of formation, list, S^^^H 




Heating a crncible:. Ap. 11- i^^| 




a test-tube. Ap. 2. ^^H 


•[wlfip depmssioii of. delenui- 


Helium. 40a ^H 


iiatiim. 1U/|.>Ul/t, II. 


Helmholti. 50. i>Dt& ^^M 


Pwriwt diJli.«^. la 


Hematite. 594. ^^M 




iiffs. 55. ^^M 


UHllitim. Oita 




t)alv»iiio t'«II. AD. 


H>in>bv^1dt.47/,. ^^M 




HvdruiDe, 341. ,^^^H 
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Bid, 343. 


Lime, hydraulic, 587. 


IS, 274-283. 


preparation, 585. 


c acid, 533-535. 


Limonite, 594. 


; acid, 405-406. 


Lithium, 210-214. 


30-209. 




J6, 367. 


Maguesite, 443. 


566, 367. 


Magnesium, 442-447. 


iric acid, 510-512. 


Magnetite, 594. 


ine, 342. 


Manganese, 592-606. 


defined, 21/8. 


Mariotte, 66/3. 


LS acid, 538. 


Marsh-gas. See Methane, 275-277. 


acid, 314. 


Mass defined, 34 


e. See Thiosulphate, 


persistence or conservation of, 




34/6. 




Matches, 505. 


I volume, 67, II. 


Matter defined, 1. 


lefined, 26. 


Mayer, J. A., 50, note. 


• 


Melting defined, 10. 


76. 


Melting-point apparatus, Ap. 16. 


5. 


defined, 23. 


1, 607-619. 


Mendeleeff, 625, 638, 639, 641. 


tereo or physical, 183- 


Metal defined, 29. 




Metallurgy defined, 257. 


led, 179. 


Metamers defined, 180. 


defined, 21/5. 


Metargon, 399. 




Metathetic reaction defined, 81. 


1/6. 


Methane, 275-277. 




Meyer, Lothar, 625. 




Mitscherlich, 108. 


, 162. 


Law of, 107, 108. 


ry of gases, 164. 


Mixture defined, 28. 


leumann, law of, 103, 


Moissan, 223, 241, 256, 401, 579, 




580. 


1 
• 


Molecular depression of freezing 




point, 176. 


yeing) defined, 460. 


Molecular elevation of boiling tem- 


J50. 


perature, 176. 


/s, 37/6, 200, 235, 259, 


Molecular theory, 160-163. 


388. 


weights defined, 167. 




Molecule defined, 166. 


sbaudran, 638. 


of compounds, divisible, 168. 


3. 


of elements, divisible, 169, 170. 
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Nonual salt defined, 80/,. 


structure of. 177-183. 






for elements, 62. 


Mordant (aa to djeing) defined, 460. 


preliminary statement, 19, 11. 


Morley, 147. 




Mortar, QS6. 


Occlusion defined, 205. 


Mortar and piystlo, Ap. 5. 


Octaves, law of, 82B. 


Multiple proportions, law of, 40- 


Olefins, 379. 


40/.. 


Organic chemistry defined, 28S. 




Olidation (aa to Talenee), 441A 


Nascent state defliied, 20S. 


Oxides, classes of, 355. 


theoretic esplanation of, 208/,. 


Oxidizing agente defined. 48, IL 


Neon. 898. 


flame, Ap. 31. 


Neumann. See Kopp. 


Ojygen, 350-357. 


Neutral, neutralized defined. SO/^. 


weight of one liter, 71 A, 11. 


NeutnUixation, heal of. 50/,. II. 


Ozone. 858-366. 






II. 


Paracelsus, 300. 


Nfwknds. 635. 


ParalDns, 278. 


Niekcl, 592-606. 


Pasteur. 184. 


Nilaon. 63S. 


Perchloric acid, HI. 


Nitratre. 333. 


Periodicily. 689. 630, 635, 6*0. 


Nilric acid, 38«-3Sa. 


Permanganate. 604. 


Nitricoiide. SBBDioiide.317.318. 


Pestle and inorl*r, Ap. 5. ^^ 


Nitrides, S40. 
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The making of notes is a very important item in the 

study of a subject in the laboratory. The student should 
early in hia course fonn the habit of writing them care- 
fully, thoughtfully, and systematically. The aim should 
be to describe the essential features of method and of appa- 
ratus, then the things observed, then the things learaed 
from the experiment; for every experiment is designed 
to teach something. The aim should also be* to make the 
description clear, exact, and simple. The following detail* 
of plan are recommended : To use a book about six by nine 
inches in size, one whose leaves will lie flat when opened I 
with plain, unruled pages ; to enter notes only on the rigt»-^ 
hand page, leaving the left-hand for topics, corrections, »-*' 
ditions, and the numerical work of calculations ; to enO-'^' 
always the particular topic which the experiment is to illu::^^'' 
trate ; as a minor item, to enter the date of work ; for cw "' 
!, to have the name of the owner on the outside ° 
the cover. The notes should be written in final form 
the laboratory, and not copied. 

It is particularly urged that the student should re^^ 
igli the directions for an experiment before startic^^ 
upon its performance, and that the experiment should pr""^-" 
cede the consideration of the corresponding topic in Part 
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CHAPTER I 

INTRODUCTION 

Read Part I, Nos. 1-6, before beginning the experiments. 

1. Physical Properties of Sulphur 

Observe as to odor, color, hardness, form (crystalline 1-6* 
—that is, regular geometric form). 

To determine its specific gravity: Weigh carefully to 7 
tenths about 10 grams of dry sulphur, in small lumps, free 
of dust. Weigh a test-tube, filled with water and corked. 
IHit the sulphur in the test-tube, refill with water, cork, 
ftnd weigh (see Appendix, 1). 

The specific gravity of sulphur equals the weight of 
stilphur divided by the weight of an equal volume of water. 
Calculate the specific gravity from the observations made. 

Suggest another method for solids; also one suitable for solids 8 
^hich are soluble in water ; a method for liquids ; for gases. 

Electrification. — Eub a large lump briskly on the dry 9 
*iowel, or, better, on some woolen stuff. It becomes electri- 
fied and capable of attracting particles, like bits of paper. 

*The marginal numbers are the same for the same topics in both 
^*»t I and Part II. 

1 



10 Effects of heating. — Heat in a dry test-tube some Inmps 
of dry sulphur, the teat-tube being about half filled. If ie 
well to make a holder by folding a strip of paper once or 
twice upon itself, to wrap this about the test-tube and to 
seize the ends close to the tube with the fingers, or, better, 
with the tonga (see Appendix, 2). Apply the heat grad- 
ually by passing the tube slowly back and forth through the 
flame. Have a vessel filled with water on the table closest 
hand. Should the tube crack and the sulphur take fire, 
hold quickly over the water. Let the temperature rise 
slowly while the sulphur is melting. Kote the color. Keep 
the surface of the liquid in gentle motion ; note thepaiiid 
11-18 soUdifimtion. Continuing the heat, note the second lv}W- 
faction, the beginning of boiling, and the white diutJike 
deposit {svbHmale). Xow, as the sulphur is beginning to 
boil, move the burner to one side ; carefully and slowly turn 
the melted sulphur into the water, moving the tube to and 
fro so as to string it out. Set aside the tube with the small 
residue of sulphur and observe it from time to time aa it 
cooIb {soUdificalion and crystallization). Examine the por- 
tion which has been suddenly cooled in the water (aSatto- 
pism), comparing it with the original. Select a good samplfl 
of it, and, without lumping it together, dry it by presMi^ 
and rubbing first between folds of the towel, then between 
absorbent papers {filter papers). Weigh the sample care- 
fully and leave it for twenty-four boors. Does it change in 
weight in passing from the plastic amorphous {s^e Part-n 
So. 21 a) to the brittle crystalline form? 



12/1 



Cri/elalh'zatioa from f^uiion (see No. 21/. , Part I).— Fii 
jlplmr in a cnicible, keeping the temperature as low as will snfB«^* 
melt ; let it cool slowly untD a crust has formed ; puncture the <T *' 
and pour out the rematning liquid : break the cnicible aud nttie ' 
appearance ot the crystals known as tnonae/ini> sulphur: examine t^' 
twenty- tour hours later. (It is reoorameuiled that the instructor d* ' 
esperiuieDt (or the class.) 
12/2 CryeliaUzaHtm from aoluliim (see No. 21/, , Part 11.— Dissolve ^-^ 
sulphur in carbon disulphide to saturation, or nearly so, de«aiit (th^^* 
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till off] or Hlter the liquid and allow it to evaporate in the hood. 
tamiae the crystals known as oHhorhumbie eulpbur; compare with 
ose of the preceding ssperiment (dvmoTpkism). Do thay change on 
inding t As carbon disulphide is very volatile and combustible, great 
re should be taken to have no Jtame fiear. (It is recommended that 
istructor da this experiment for Ihe class, | 
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2, Chemical Properties of Sulphur 

r or oomboEtion. — Ignite a small lump of snlphar 13 
lalf the size of 'd pea) on a suitable surface (an earthen 
lUcer serves well). Describe the phenomenon. The gase- 
118 product is sulphvr dioxide ; observe its odor cautiously, 
nd its effect on litmus — conveniently done by sticking a 
iece of wet, blue litmus paper to the bottom of a beaker 
td inverting the latter over the burning sulphur. Corn- 
are the sulphur dioxide in these respects with the sulphur. 
t you have a sample of the plastic sulphur, bum and test 
hia in the same e 



EiPLANATORV Note. — An invisible gas, namely, oxygen, a constituent 
Hhe atmosphere, takes part in this change, combining with the sniphur 
^d forming the sulphur dioxide, which is quite different from both the 
''phur and the oxygen, 

fiehavior witi zinc, — Weigh out carefully 3.20 grams of 18/1 
lely divided sulphur (sulphur sublimate, commonly called 
Iphnr flowers) ; also 6.60 grams of finely divided zinc 
inc dust). Mix these thoroughly in a mortar, so that 
e original powders can not be distinguished (see Appen- 
X, 5). Take out a small portion, about as much as could 
heaped on a five-cent piece (putting the remainder well 
one side) ; heat this strongly on the earthen saucer or on 
e asbestos board by turning the gas flame down upon it, 
I still better, on the spatula blade by thrusting it into the 
toe. Do this cautiotisly, as it may jiash up somewhat like 
npowder. In experiments like this, ike face should never 
held over the material. Describe the phenomenon, note 
ihlike product, compare it with the original aab- 



stances, sulphur and sine, by inspection. Does it melt and 
bum like sulphur? 

{a) Put a little of the mised powders from the mortar 
in a test-tube, half fill with ivater, then, closing the tube 
with the thumb, shake it vigorously, and finally let the 
powiU'r settle (see Appendix, 4). Does the powder dissolve? 
Do you see the sulphur tend to separate from tlie iniitur» 
with the ziiic? In a similar manner shake some of the ash- 
like product with water. Does it dissolve ? Do yon see snj 
tendency of the sulphur to separate from the ainc ? Dom 
line dissolve in water ? Does sulphur dissolve in water? 

(ft) Put a small qoantity of the ashlike product in t 
test-tnbe and add to it a few drops of hydrochloric at^ 
better designated as kgdngett ehioride (see Appendix, 3). 
Note the phenomenon of efferrtfceHft (bubbles of gas in the 
liquid; how does it differ from boiling?), Ludicatiug tbe 
formation or liberation of a gas not previously apparent 
Xote the odor of this gas (in/i care,for thfsvMa'KVifirj 
p*it»mpMt) and its effect on a bit of filter paper wet witb i 
soIdUod of lead acetate, and held at the mouth of the leil- 
tuhei. Doe« the ashlike product disappear io the acid? U 
not, w«nu the tube slightly. 

Cooipaiv this with tbe behavior of a little zinc (retted 
in another t«st-tQb« with hydrogva ehioride in a similii 
way (do«« the titic powder disappew ?} : also of suli^iu 
thus lre«ted ; also of the Bixed nnc and sn^ihar (does lli'^ 
poWer dtsappew?). 

Knu^xMoaT Xon.— la Ob «! 
dwwIwJ ti fcaip. Slaniag wU anie Md t 
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Behavior with iron. — Weigh out carefully 3,20 grams of IS/al 
sulphur powder ; also 5.60 grams of finely divided iron (iron 
duBt). Mis them thoroughly in the mortar. Take out a 
portion, ignite it, and compare the product with the iron, 
with the sulphur, and with the mixture by inspection and 
by its behavior with hydrogen chloride, as in the preceding 
experiment. Does the gas which is obtained have the same 
odor aud action on paper wet with lead acetate as in the 



(a) Vary this procedure as follows : Put a portion of the 
mixed iron and sulphur in a dry teat-tube, and cork the lat- 
l«r; weigh it and its contents carefully to tenths; then, 
holding it nearly horizontal, tap it gently ho that the pow- 
der spreada out in an elongated pile from the bottom of the 
tnbe; let the cork lie loosely in the mouth of the test-tube, 
»nd heat the other end in the flame just enough to start the 
action ; then remove from the flame. Mhen the action has 
ceased, let cool, and weigh again with contents. With a lit- 
tle care, you will be able to do this without losing anything 
from tlie tube during the operation. Save the product. 

EsPLASATORY NoTE. — Again yoLi have a ehemiral change. The 
substance produped (y) contains inm and sulphnr as ponsticnents, but 
i« neither iron nor sulphur; moreover, it contains nothing but I hese, 
"ince what jou have in the tube after the change weighs no more than 
the iron and the sulphur which jou put in. Iron and sulphur then 
must be the sole constituents of the substance y ; zinc and aalphur are 
likewise the so!e constituents of the substance x. The first is therefore 
named iVotl sulphide, and is said to be composed of iron and sulphur, and 
the second is zinc etilpMde, and is composed of nino und sulphur. The 
changes by which these are produced fall under a common tfpe, which 
niaj receive a general expression, thus : Substanc'O A and substancB B 
Waue substance A B (eomposition) ; or, to express it more cotieiselj', 
A -(- B = A B. 
But you have further illustration of chemical change in the produc- 
ticD at a peculiar gaa by the action of the hydrogen chloride on both 
*ulc sulphide and iron sulphide. This gas is clearly very different from 
^ these other substances. You have noted the same odor and the 
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n the had paper in >iotb cases, and, in fact, the e 
is produced by both substances If this is so, evidently neither ant 
nor line c-an enier into its composition. But the sulphur of one orof 
the other does so enter, jet the gas is markedlj different from sulphur 
itself and from the gas produced by burning: sulphur (see Eip. 13). 
The sole other constituent of this peculiar gas is hydrogen, which conet 
from the hydrogen (.-hloride, at which also it is a constitnent. Thegu 
is therefore named hydrogen mtlphide. It is also known as Ayttmiuf- 

18/3 To show that hydrogen inlpMde eontainB solphur: Place 
about 1 gram (not more than 3J of the iron sulphide, made 
in the previous experiment, in the gas generator (see Ap- 
pendix, 6-9) with just enough water to seal the thistle-tnle. 
Drop the delivery tube into a test-tube about one third 
filled with nitric acid (handle this substance with care, for 
it is very corrosive •), so that the gas shall bubble throngh 
this liquid. Pour a few drops of hydrogen chloride into 
the thistle-tttbe of the generator, so as to produce a quick 
Btream of babbles through the liquid. Place a bit of paper 
wet with lead acetate over the mouth of the test-tube. As 
the gaa from the generator passes through the nitric acid 
yon see small particles of white or yellowish substanM 
appearing, which, when the action has ceased, or nearly w, 
will have collected into a mass from which you may rinM 
the acid with water, and which you may easily rew^niw « 
sulphur by inspection and by burning. At the same time 
the lead paper may, perhaps, show no blackening, since the 
Biilphnr is produced only at the expense of the hydrogen 
sulphide, although enough of the latter to stain the i*l« 
may escape destruction by the nitric acid. 

Espi^xiToai Note.— Hydrt^n sulphide, tierefore, ttutaiu »1- 
phor. and, wbeneier this pas is produced, it may be taken as '""'J 
of salphur u a coattilutnl in the substances from which il is prod*™- 

• H nitiic add ii »ijiiled on the skin, cloihing, or t>bk. O* W* 
•hoold be M quickly a« powible moisletied with ammuoia (ade^llM 
ntd then fitmA wUli water. 



Questions. — How can you difTerentiftte (that is, distinguish by di(- 
letences) between sulphur, and osfgen, and sulphur dioxide! Between 
zinc, and Eulpbnr. and the mixture of zinc and sulphur, and zinc sul' 
ptiidet Between iron, and sulphur, and the niisture of iron and sul- 
phur, and iron sulphide t What constitutes the difference, by deH.- 
mtioD, between a mixlure and a chemical compound I (see Ifos. 13 and 
!3, Fart I.) How do you bring about the chemicnl change between 
sulphur and air. between zinc and sulphur, between iron and sulphur I 
What evidence by observation have you that heat is produced by these 
three changes ) Does zinc sulphide, made by heating jsinc and sulphur, 
change back to zinc and sulphur by cooling I Does iron sulphide re- 
(Ctsa the change byciwlingt Is the change from iron and sulphur 
miied to iron sulphide accompanied by change in the total weightf 
(see No. 14, Part I.) 

3. Additional DlustrationB of Chemical Change 

CompodtioiL — Put in a dry test-tube abont 1 gram of lead 16/1 
dust aod O.S of a gram of iodine (iodine must be weighed 
on glass or paper, as it corrodes metal) ; cork the tube 
ttnd weigh it with its contents carefully ; let the cork lie 
loosely in the mouth of the test-tubo and warm the mixture 
^ery slightly, at first barely touching the flame with the 
bottom of the tube. When the first action is over, the sub- 
ttance may be heated until it melts. A little of the iodine 
nay escape the change, making a purple Tapor and a dark 
iepoait on the upper part of the tube. When the tube is 
!ool, weigh it with its content. Describe the phenomenon, 
md compare the yellow substauce with the lead and with 
■he iodine. Preserve a sample of it for future comparison, 

EitPLANATORT NoTE. — Prom lead and iodine is produced a substance 
which does not give off a pnrple vapor, norimpart a brown color to water, 
ts does iodine, and which is clearly neither iodine nor lead ; yet by the 
ieat of weight it can contain nolhiag more than iodine and lead. This 
oiight-ycUow substance is named lead iodide. Does it dissolve in waterl 

CompositioiL — Put about 0.3 of a gram of magnesium 15/ 
Khbon, or powder, in the porcelain crucible {see Appen- 
, 11). Weigh carefully the crucible with its content 
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and its lid. Support the same on the pipe-stpm triangle, 
and the latter on the iron ring of the stand. Apply the 
full heat of the flame to the bottom of the crucible for ten 
or fifteen niinntea. Raise the lid slightly to obaeiTe wbit 
is taking place, but do not let any of the white smoke 
escape. During the last few minutes the lid should ba 
entirely removed. Let the crucible cool, and weigh it 
again with content and lid. How do the two weights com- 
pare ? Describe the phenomenon and compare the sab- 
stance after heating with the original.* 

EspLiNATORY NoTE. — The bright iiietftllio ribbon or powder is 
changed, simply by heiiting in (^o□tacC with the air, to a very dilcntil 
Hubstance — n grayish chalklike powder ; but this weighs mare than ihs 
original. It must be, therefore, that somethiog besides magneeiap ^ 
coDtained in the product. This "something" comes from tbeair.isui 
invisible gas, and is named oxygen. The white powder in named no^ 
nestum oxide. Try also heating a short piece of the ribbon direutlfin 
tiie tUine, holding it with the tongs ; likewise a little of the oxide. 

15/3 Composition. — In a similar manner heat in the crucible 
about 2 grams of zinc duat, weighing the crucible snii 
contents before and after the ignition. Compare the 
weights and describe the phenomenon. Zinc oxide is thus 
formed— yellow while hot, white when cold. Try also heat- 
ing a little of the zinc dust on the spatula blade. PrcBem 
a little of the zinc oxide for future comparison. 

I0/4 Composition. — Spread about 4 grams of lead duat on the 
crucible lid, weighing the whole ; then ignite over the flame 
for fifteen or twenty minutes and weigh again. The red- 
dish-yellow powder is lead oxide. Preserve a little of this. 
ExpLANAToRV NoTE.— The statement made concerning magnesuO 
oxide applies also to zinc and lend oxides. 

These four instances of eom)>oeitwn are changes of the general lotm- 
Substance A and substance B become substance A B; or 
A + B = A B. 

* Clean the crucible by using a. few drops of hydrochloric acid, winn- 
ing gently, then rinsing wilh "-alcr. ^^TOuringnitli sandinuy be help™- 
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Decomposition. — Take s. quantity of lead nitrate, about IV/l 
I gram (twice the size of a pea), pulverize finely in a 
clean, dry mortar, shake the powder into a clean, dry test- 
tnbe, wipe off any particles adhering to the upper part of 
tbe tnhe, cork, and weigh the tube and contents. Then, 
holding the tube nearly horizontal (paper holder), with the 
cork loosely placed in its mouth, warm the substance gently 
until the snapping {decrepitation) ceaaea and the powder 
mBlts quietly ; remove the cork and continue the heating 
until the bubbling ceaaes and the glass begins to soften. 
Kote the effect of the brown gas on wet, blue litmus paper. 
Ut cool, and weigh the tube and contents, including the 
Mrk. Break the tube and examine the reddieh-yellow resi- 
ine, lead oxide. Save a little of this for future reference. 

QuESTiosa. — Does the residue dissolve in waterl Dota the lead 
litrate dissolve in waterf Does the brown giM condense at oil on thu 
pp«r part of the teal-tuhe as jou saw in the healing of aulphitfT (see 
Up. II.) How does the weight of the residue uompare witli that of 

«lead nitrate 1 _ 

Explanatory Note.— In this experiment jou see one substance I 

elding at least two others, distinctly differing from each other as well I 

from the original : and at teaiit one of these — that is. the residue in I 

le tube — weighs /twi than the original, which has disappeared, although I 

ma of the latter, nnchatlged, huR passed out of the tube. Tiie gas I 

tiloh has passed out, named nitrogen lelroj^ide. and the reai'Jiie, nanied I 

ad oxidt {see Exp. 15/,), which is left in the tube, must have been I 

ntaintd in (he lead nitrate which has l>een destroyed : the latter has I 

«)) broken up into at least two other substanc**, each of which weighs I 

than the original. Such a ehange is called deromposilion. It may I 

I described under the general type : Substance A B becomes sub- I 

iM A ud substance B ; or I 

A n = A + B. j 

SecompoiitlDn. — Place about 1 gram of zinc nitrate in a 18/8 1 
estrtnbe, weigh the tube and contents, then heat. Describe 1 

be phenomenon, and note the clear liquid which condenses J 



on the upper part of the tube. This is water ; it is slowij 
driven from the tube by heat. Later, note the brown gas, 
which appears as in the preceding experiment. This is 
nitrogen tetroxide, and it in turn is driven from the tube. 
Finally, there is left a powder which no longer melts, sod 
which is yellow while hot and white when cold. This ii 
zinc oxide. Weigh again the tube and contents. Examine 
the residiie loft in the tube (comparing with the substanM 
in Exp. 15/3), and save a portion for future tests. 

yuEsrroNs, — Dues tlie residue weigh more or less than the (iiit 
nitrate fruio which it eomoaf Does it dissolve in water T Does ibu 
□[trote dissolve in water! 

EsPLiNATOBT NoTB.— Tou See the subatanco, zinc nitratfl, destrojed 
b}" beat, jieldiiig at least three distinctly' diSerent eubstances — wntcr, 
nitrogen tetrnxide, and Kine oxiiie ; and the last o( these, and bj infW' 
eiice each of the others also, weighs lesa than the original substancn 
and all of them must have been contained in the original zinc nilitte. 
This change falls under the same type sf the preceding : 
ARe^A4B + C. 
I Substitution. — (a) Place a small quantity of granulated 
zinc, about 0.5 of a gram, in a teat-tube ; add to it a fe' 
drops of hydrochloric acid (hydrogen chloride). Note the 
efEervescence which implies the liberation of a gas. Clcaa 
the tube with the thumb for a few seconds, then open it, 
holding its mouth to the gas flame. Note what takes pl»c8. 

EsPLANATORv NoTE. — The colorlesa invisible gas liberated in this 
change bums with an almost invisible flame, and makes with air >" 
explosive mixture. TliJs causes the slight sound when the contentof 
the tube is ignited. Larger quantities may be dangerouBly eiplDsi'™- 
and this fact should always be in mind when dealing with thisE"' 
which is named hydrogtn. 

{h) Next, place 1 gram of granulated zinc in a Bmall 
evaporating dish which, with a small glass atirring-rod (see 
Appendix, 13), has been previously weighed (to tenths is 
sufficient). Add about one quarter of a testr-tubeful of 
hydrochloric acid, in portions at a time, warming som^ 
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what the contents of tho dish. Holding a lighted match 
at the enrface of the liquid whiie the babbles of hydrogen 
are breaking, will again show the combustibility of this gas. 
When the zinc has disappeared except a few "black apecka, 
and the bubbles of gas no longer appear, increase the heat 
somewhat, holding the burner in the hand and touching 
the tip of the small flame to the bottom of the dish from 
time to time, as may be needed to keep the liquid quietly 
boiling (see Appendix, 12). This soon thickens and de- 
posits at the edges. Continue the heating, avoid spatter- 
ing as much as possible, and soon white fumes appear, and 
the siibstance solidifies if cooled. At this point cease the 
heating aud, when the dish is cool, weigh it with its con- 
tents. Describe the Bubstance in the dish. Does it weigh 
mors or leas than the ainc taken ? Let some of it remain 
exposed to the atmosphere for a short time and note the 



Explanatory Note.^ Hydrochloric acid contains as sole conatit- 
tients hydrogen and chlorine, the material which you use being this 
substance dissolved in water. When this is brought in contact with 
Kinc a change takes place, and, when this is complete and the liquid 
tolled to dryness, the product just seen is the result. Now this weighs 
more than the zinc, nearly double, and, therelore, must contain aome- 
thing besides Kine; yet it can not contain anything more than zinc, 
iydrochlnric acid, and water; indeed, it can not contain all of these, 
for hydrogen has passed into the air. as you have seen, and the water 
also has been boiled away. In fact, the residue in the dish is a sub- 
stance which contains as sole con.^tituents the zinc used and the 
chlorine prerionsly contained in the acid, although it is eery different 
from each of these. It is named zinc ehlortde. Exposure of this to 
the air for a short time will show you incidentally one of its proper- 
ties; it at>sorba water from the atmosphere and lique&es in conse- 
quence (deligveieitice). In this change it is seen that a constituent of 
hydrochloric acid — namely, hydrogen^eavea the substanco, and zinc 
may be said t<i take its place ; so that, starting with zinc and hydro^n 
chloride, you obtain hydrogen and zinc chloride. Such a change is 
called nubetitution. It may be represented by the general form : 



L. 



A + BC = 



(-AC. 
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! Snbstitntion. — Optional experiment. — {«) Place about 0.5 
of a gram of granulated zinc in a test-tube, add dilute enl- 
pburic acid, warm, and test the gas at the flame 
preceding experiment. 

(6) Next place about 3 grams of granulated zinc in 
evaporating dish, add about one test-tubeful of dilute sul- 
phuric acid (one volume of concentrated acid to four of 
water) and an equal volnme of water, and warm. When 
the zinc baa disappeared, or nearly so, filter (see Appendix, 
13), boil down the liquid Eomewhat, and set aside to crje- 
tallize. Crystals of zitic sulphate are thus obtained. The 
relation of this subgtance to sulphuric acid is similar to that 
of ziuc chloride to hydrochloric acid.* 

1 SubstitiitioiL — Place about 3 grams of lead powder in a 
small evaporating dish, add about one quarter teat-tubefal 
of nitric acid and an equal volume of water. Heat gently 
until the action ceases, filter the liquid, and set it aside to 
crystallize. When there is a couaiderable deposit of cijs- 
tals, drain off the liquid, and throw the crystals on two or 
three thicknesses of filter paper to absorb the adhering 
liquid. These are crystals of lead nitrate. Heat a po^ 
tion of these and compare the result with that in Si«' 
15/4, and 16;'i. Save a portion of the crystals, labeled, 
for later use. 

Sttbstittttion. — Optional experiment. — DisBolve about 1^ 
grams of crystallized copper sulphate in about 50 cuW 
centimeters (see Appendix, li) of boiling water, using tl** 
larger evaporating dish. Add to this 4 grams of graa*" 
lated zinc, and boil the liquid gently until the blue col<^' 
has entirely disappeared. Pilter; concentrate the liqu-*'^ 
to about one third its volnme ; filter again if necessary, ar» ^ 
set aside to ciystallize. What is the reddish-brown powi^' 

• The irritation which maj be caiiBed by the fumes and spray *^ 
this experiment, if many are working it at the same time, may be !"*■ 
lieved by inhahng moderately the fumes from the bottle of anunooiuii' 
hydroxide (ii id e- table), 




I appears when the zinc is added ? Add a few drops 
Ijic acid to this powder after filtration. What ia the 
imce which cryatalhzes in the filtrate ? 



TE. — Copper sulphate bears the same relation to 
j. and sulphuric aeiii that zinc sulpliate bears to iinc and sul- 
Lscid (see Esp. IT/,) — that is, copper has taken the place of hj- 

Eas a constituent in sulphuric acid. When zinc is brought in 
with the solution of copper sulphate, the copper, in turn, in dis- 
^ appearing as a powder, nliieh, with nitric acid, reproduces a blue 
b; while the zine. with the sulphuric acid, lorms zinc sulphate, 
billing as seen in Exp. IT/g . Iron ma; likewise thus substitute 
pr copper as constituent. If the action i$ allowed to take place 
■in dilute solution, the copper maji be deposited as n film on an 
«f iron, such as a knife-blade. This Is called " plating," 

table exchange. — The purpose of this experiment is to 18 
rate a reaction of the type : 

j* AB + CD^AC + BD. 

i|b known as double exclimige or double decomposition ; 
Uso described as a metatlietic reaction. The experi- 
m rather long, so its plan is here given aa u whole : 

k To prepare zinc iodide from zinc and iodine : 

(o) To show that this is neither zinc nor iodine. 

(S) To show that it contains both zinc and iodine. 

(c) To prepare the solution of zinc iodide in water. 
To prepare lime sulphide in solution by water from 
lime and sulphur. 

(rf) To show that this contains sulphur as con- 
stituent. 

fTo mix the solution of zinc iodide and that of lime 
sulphide, a chemical change taking place 
by which a liquid and an inscjuble solid are 
produced. 

(e) To show that the liquid now co/ifaiVw lime and 
iodine in combination, but no zinc nor sul- 
phur. 



(/) To show that the insoluble solid contains riac 
and sulphur in combination, but no iodine 



Conelusion. — Zinc iodide and lime sulphide have become 
zinc sulphide and lime (calcium) iodide. 

A. To prepare zinc iodide. — ^Veigh a clean, small evapo- 
rating dish and a short glass rod to tenths of a gram. Place 
in the dish 1 gram of granulated zinc and a few drops of 
water. 

Weigh out 3.9 grams of iodine {on glass or on paper). 
Add about one fourth or one fifth of the iodine to the zinc 
in the dish, stir, and warm very slightly, just enough to 
start the change which itself produces much heat, ^flen 
the action seems to cease, add again about the same qnan- 
tity of iodine, stirring constantly, and so on nntil all haa 
been used. This gives a small volume of dark-colorei 
liquid. Holding the burner in the hand (see Appendii, 
13), heat from time to time to keep the liquid gently boil- 
ing. There is some escape of purple fumes for a few sec- 
onds ; this vapor is irritating, so avoid inhaling it. When 
the contents thicken there is a tendency to spatter ; pre- 
vent this by constant stirring and moderating the heit 
Finally, when the contents seem thoroughly dry, white 
fames begin to escape. At this point cease heating. The 
product is a dry powder slightly brownish in color. Vf^en 
the dish is cool, weigh it with its contents. The Bubstanrt 
weighs more than the zinc, but somewhat less than "" 
sine and iodine together, owing to loss by the heating-* 

(n) To ghoie that this t« neith^ zinc nor iodine: Ton 
have seen that it shows no purple fumes npon heatingi ^ 
iodine would show. 

Place a small portion, snch as would be taken on the 
point of a penknife, in a test-tube with a few drops o' 



• Iodine stains mav gtoemllj be n 
n sulphide. 
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ater. It dissolves ae zinc would not, but with no bfown 
Dior Buch as iodine would impart. 

(S) To show thai it contains both zinc and iodine : Place 
nother email portion in a small evaporating dish, add to it 
. drop of nitric aeid, and heat to complete drynesa. Ton 
«e the purple vapor of iodine, and have left in the dish 
line oxide, as seen iu Exps. IS/a and 16/3. 

(c) Dissolve the rest of the product, zinc iodide, in 60 
iubie centimeters of water {see Appendix, 14), You may 
aee some of the original zinc unacted upon. Filter the 
Bohtion (see Appendix, 13). Turn a few drops of the filtrate 
(that is, the liquid which has passed through the filter) 
into a test-tube, and add a few particles of lead nitrate 
(aee Exp. 17/3) previously dissolved in water. The bright- 
jellow powder now appearing in the liquid is lead iodide, 
Men also in Exp. 15/, , and must be taken as further evi- 
dence of iodine as a constituent in the substance formed in 
'S/A, Set aside the remainder of the sohition and label it 
'iiw iodide. To what type of change does this formation of 
sine iodide belong ? 

B. To prepare calcium or lime sulphide in solution. — 1 
^ee 5 grama, roughly weighed, of powdered lime in 
he larger evaporating dish. Add 100 cubic centimeters 
f water and boil. Touch a piece of red litmus paper 

the liquid and note the effect. Add to the contents 
■f the dish 3.S grams, roughly weighed, of sulphur pow- 
.er (flowers) and boii, stirring constantly. Keep the liquid 
oiling gently for a few minutes, until it becomes colored 
uite a deep yellow. Coase the heating, and the powder 
uiekly settles to the bottom. Drain off the liquid as 
luch as practicable without distunbing the sediment (this 

1 called decanting), pouring the former upon a filter. Add 
.gain 100 cubic centimeters of water to the contents of 
he dish, boil until well colored, let it settle, and decant 
ipon the filter. Do this four times, which will give 300 

j)ic centimeters or more of clear liquid. This will prob- 
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ably be enough, but if more is needed, it ia only neees- froi 
sary to add another portiou of water and repeat the oper- 
ation. Try the action of this yellow liquid on the red precj 
litmus paper. 

{(/) To show that sulphur is a constituent of this lif[uid: 
Take about one half test-tubeful, add hydi-ochloric acid, and 
heat, holding at the mouth of the tube a piece of filler 
paper, wet with lead acetate solution. What is the eflect? 
You also see, reappearing in the liquid, yellow, or nearij 
white, very finely divided sulphur. 

The yellow liquid obtained in 18/B may, for preBeat 
purposes, be considered as a solution in water of Hme tnU 
phide or ralcium sulphide, a substaDce containing lime and 
sulphur in combination. 
18/1.' C. The reaction, double exchange, between zinc iodide orH* 
Htm sulphide. — ^Pour about one half the solution of zin-*^ 
iodide, prepared in {/■), into one of the larger beakers an.*^ 
drop in a piece of red litmus paper. Now, both solutioa— 
beinghot,pour the lime sulphide slowly into the zinciodid^^" 
a little at a time, constantly stirring, until the paper fire -^ 
turns permanently blue. Be careful to avoid any unnece^^^ 
sary addition of lime sulphide beyond this point. You so^^ 
a white insoluble solid, a powder, form in the midst of th^^ 
liquid, and settle to the bottom, A substance formed ii^~*^ 
this manner is called a precipitate, and the operation is pre — 
eipitation. 

(c) To show that the liquid now contaiiis Htm atid iodine^^'^ 
in combination, but no zinc nor sulphur : Let the precipitate ^^^ 
obtained in C settle well to the bottom of the beaker ; then, -- -* 
without disturbing it, pour off as much of the liquid as poa- — — ^ 
sible upon a filter. Fill up the beaker with warm w»ter,,^-jj 
stir the precipitate, let settle, and again decant the liquid,^^-^ 
upon the filter, collecting what runs through with the first::^^ 
portion. Label this, filtrate (e), and set it aside. Again filC" -' 
the beaker with water, stir the precipitate, and set this asidt^ *' 
to settle, labeling it, precipitate ('■). 



From filtrate (e) take about one half test-tubeful, and add 
> this a few drops of lime sulphide solution. The absence 
•t precipitation may be taken as evidence of the absence of 
line, or perhaps, more strictly speaking, of zinc iodide. 

Take again one half teat-tubeful of filtrate (e), and add a 
'ew drops of lead nitrate solution. The bright-yellow pre- 
iipitate is recognized as lead iodide, and shows the pres- 
ence of iodine in combination. 

Boil the rest of filtrate (e) to dryness in the smaller evap- 
:>rating dish, having care to moderate the heat as the liquid 
thickens, so as to avoid spattering and possibly cracliing 
;he dish. When the last of the liquid disappears, the full 
leat of the flame may be applied. As a result, you see the 
^urple vapor of iodine appear. Continue the heating as 
ong as iodine is liberated, and you have left finally in the 
lish a white, chalklike powder. 

That this residue is not zinc oxide, you may see by ita 
olor and by adding to the whole, or a portion of it, a very 
•nail quantity of water, boiling and testing the liquid 
inth red litmus paper. 

That this residue does not contain sulphur, you may 
«e by adding hydrochloric acid, boiling, and testing the 
-8por by paper wet with lead acetate solution. In fact, it 
8 lime, the substance with which yon started, 

(/) 7h show that the while prectpiiate (e) contains zinc and 
mlphur^ but no iodine nor lime.' Ponr the liquid and the 
jrecipitate which was labeled precipitate (e) upon the filter. 
iVhen the liquid has filtered through, fill the funnel with 
fater, not quite up to the edge of the paper, and when this 
las passed through fill it a second time. The precipitate 
8 thus washed free of soluble matter. Take out a portion 
)f the wet precipitate and dry it by the heat of the flame, 
lolding it on the spatula blade or the asbestos. 

Drop some of the dried substance into a test-tube, add 
hydrochloric acid, boil, and test the vapor as before for 
hydrogen sulphide. 



Drop another portion of the dried substance into t 
small evaporating dish, barely moisten it with nitric mfi, 
evaporate the acid by gentle beat, tben heat with the foil 
flame. You see sulphur appear and bum, but no iodine, 
and you have left finally zinc oxide, seen also in ExpB. 15,i 
and Ifi/t- Boil another portion of the dried substance with 
a little water, and test by red litmus to see that it is not 
lime. 

EspLiSATORV Note. — Bj the operation id 18/A you hsya combiiifd 
dnc and iodine, rnakiog zinc iodide ; in 18/& you have combintd litne 
and sulphur, forming lime or calcium aulphide; by miiing the Dilu- 
tions o( these two substances you have obtained an insoluble soiH 
which coDtsins line and sulphur combined — that is, zinc sulphide — mi 
at the same time you hare a liquid which contains lirae and iodine ooiO' 
bined — that is, lime or calcium iodide, Thns the two substances. liw 
iodide and lime sulphide, with which you started, hare exchanged ixfOr 
stituenis and produced two entirely different substances. Such a chanp 
ia expressed by the genera] form : 

AB + CD = AC + BD. 



A» to Nolalitm. 

I There is used in eheinistry, for the purpose of designating substanti* 
and deacribtng changes, a system of symbols, which, at this early st^-^^ 
of the study, may best be regarded as a system simply of arbitr*-^ 
signs, although it really has a much deeper signiScanoe. Thus the fc^^ 
lowing symbols are used: Forsnlphur.S; roroirgMi,0; for tine. Z ^^ ' 
for in>n, Fe (Latin. /errum); for hydrogen. H ; lor sulphur dioii^^* 
SOi. Mgnifying qualitatively that it is made of sul(4iar and oiygen. ^^"^ 
e«DI«LiDs these as sole constituents ; for line sulphide, ZnS, and for irC^^^^ 
sulphide, FeS, since they contain solely dnc and iron Te^iertively, aC^^^ 
sulphur: for hydrochloric acid. HCI. oontaining hydrogen apd chlotin^^' ' 
tM hydrt^n sulphide or hjdnisulphnric acid. HA since it contain*** 
kydn«en and sulphur. The fact thai sulphur uid oxy^n produce 1^*' 
chemical change sulphur dioiide is expressed in eqnatioo forat Ana: 

3 + 0, = SO^ 
The reactions between sulpbnr and zinc and iron are I 

Zn + S = ZiiS. 
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ibstance used under the label, hydrochloric acid, is really a 19/1 
)f this substance, HCl, in water. Now, when hydrochloric 
on zinc sulphide, the hydrogen of the acid combines with the 
f the sulphide forming hydrogen sulphide, and the chlorine of 
with the zinc of the sulphide forming zinc chloride, ZnClj ; 
in the case of the iron sulphide. These reactions are ex- 
j the equations : 



ZnS + 2HC1 = HaS + ZnCl,. 
FeS + 2HC1 = H,B + FeCl,. 



3hloride, ZnCla, and the iron chloride, FeCla, remain dissolved 
•er. The numerals which you see used in this system of chem- 
pthand" may for the present best be regarded as arbitrary 
the system. In the "additional illustrations of chemical 
(see Exp. 15/ j , etc.) you have used lead, symbol Pb (Latin, 
), and iodine, symbol I, and lead iodide, symbol Pbia ; mag- 
^mbol Mg ; zinc, Zn, and oxygen, ; also the oxides of mag- 
inc, and lead, symbols MgO, ZnO, and PbO. 
is the meaning of the following equations ? 

Pb + la = Pbla. 
Mg + = MgO. 
Zn + = ZnO. 
Pb + = PbO. 

ing to the experiments under substitution (see Exp. 17/i, 19/3 

should realize the meaning of this equation, disregarding 

rals : 

Zn + 2HC1 = ZnCla + Ha. 

ol for sulphuric acid is Ha[S04] ; that is to say, this substance 
hydrogen and something else, the nature of which need not 
nsidered ; this " something " is represented by the symbol in 
ets. The symbol for zinc sulphate is Zn[S04], hence the reac- 
een zinc and sulphuric acid is represented thus : 

Zn + Ha[S04] = Zn[S04] + Ha. 

o\ for nitric acid is H[N08], and of lead nitrate is Pb[NOs]a ; 
reaction between lead and nitric acid is represented thus : 

Pb + 2H[N0,] = Pb[NO,]a + H,. 

these last three equations fall under the general form 

A + BC = AC + B, 



4. Additiontil niustrations of Fhyeical Fropertiei 

SO DigtUlatioa— Hce Exp. 3^,, and Appendix, 18, and Pait 
I, No. 12. 

20/1 SublimatiDiL — Heat geutly a Bmall fragment of iodine 
in a dry test-tube. Describe the phenomenon. Notetlie 
color of the vapor and its odor (i^utiously), and its weigll 
compared with that of air (invert the tube). Dmb tli8 
solid melt ? Does the vapor pass through the liquid to the 
solid form on cooling ? Is the solid which is deposited (tbe 
sublimate) crystalline or not? (See Part I, Xo. 13.) 

11 Solution and crystallization. — Add a few drops of hydro- 
chloric acid to a few drops of a solution of lead acetate in 
a test-tube. What takes place? (Precipitation.) Boil the 
contents of the test-tube, adding a Utile water, If necessaryi 
to dissolve the white powder first formed ; set aside to cool 
What takes place on cooling ? 

ExPLAXiTORT Note. — The white powder formed on mixing ibt tfo 
liquids is l«*il cbloriiie (sjinbol, PbCli). Does its formation involw • 
phfiiioBt cbange or a cheinii^al change t It is not soluble, or 0Dljsli|1i<'r 
Eo, in cold wate>r: henn it appeals a» a solid, a pnwiler, in the miil^ "' 
the liijuid. Lead rhloride dissolTes in hot vat^ r. and, as the solation 
(tools, reappeat? in errstalline fonn ; this is a pur«lv phrstcal pfaMg^ 

Sl/4 SoiatitiD ind fTjiifTliiititir — Disgolre sboat 10 grm^ . 
of alum (a pon'elain evaporating dish is convenient) in ^ 
cubic centimeters of hoi water. Filter the solntion. D* 
solve about twice as maeh i»pper sulphate in a similar 
manner. Filter this- Mis the two sjilntions ; boil do*" 
to about one half the volume, and set a&ide to crystalhie 
(it may be left until the next day). Can yon distinguish 
the two substances in the crystals? Can yon distinguish 
them in the solntion ? 

91J7 Vate of aEjrtalliBtiaB. — Pat aboat 1 gram of copp^ 
sulfate cryst^ in a dry teet-lnbe. and weigh carefoU? 
the tube and ■.■ootents ; to tmtlis is ^nScient. Heat rii>v?> 
holding the tube so that tlie tif^ end is a Kttle the lowff- 



What condenses on the cooler portion of the tube ? When 
he liquid has disappeared let the tube cool, and weigh 
igain. Shake out the white dehydrated substance, and let 
I drop of water from the finger come iu contact with a 
aortion of it. Observe carefully what takes place. Bring 
t drop or two of alcohol in contact with another portion. 
The dehydrated, umorplious substance may be redissolTed 
with hot water, and crystallized as it was at first. (See Part 
[, No. 21/„.) 

Heat in similar manner some alum crystals, also some 
crystals of potassium dichromate, or of potassium nitrate. 

Efflorescence and deliqneicence. — Espose to the air for Sl/8 
twenty-four hours, more or less, (n) some crystals of sodium 
carbonate or of sodium phosphate ; (b) some calcium chlo- 
ride or sodium hydroxide (see also Exp. 17/i b). 

Heat of eolation. — Determine the effect on temperature 22 
(see Appendix, 15) of dissolving in water («) some com- 
mon salt — that is, sodium chloride (use a beaker half filled 
with water and about a tablespoonful of salt) ; (5) some 
Sodium hydroxide ; (c) some hydrochloric acid (concen- 
trated). 

Helting point, detemunation of (see Appendix, 16). — De- 28 
:erniine the melting point and freezing point of parafliin 
;hus : Prepare a tube of thin wall and small bore by heat- 
ng iu the flame a piece of glass tubing, an iuch or two from 
ta open end, until the glass is well softened ; then, draw- 
ng it out slowly until the bore becomes quite small, and 
inally applying the flame at the narrow part and separati- 
ng completely the two portions of the tube. The narrow 
ind is thus closed by fusion. Put into this a few bits of 
raraffin ; warm just enough to melt the latter ; shake or jar 
.he tube so that the liquid shall completely fill the narrow 
portion, leaving no air bubble. With a rubber band attach 
Ae tube alongside the thermometer so that the paraffin is 
itout opposite the bulb. Suspend the thermometer and 
' e over a beaker of water which is supported on an ashes- 
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tos board or a wire gauze, so that the bulb and paraffin 
shall be well immersed. Slowly heat the water and obsene 
the temperature when liquefaction is firat noted. When 
this is complete, let cool, and observe the temperature when 
solidi&catiou begins. Repeat four or five times, until the 
several readings of each point are fairly concordant. As 
the melting or the freezing point is approached the tem- 
perature should be allowed to change very slowly, and the 
water should be well stirred. The freezing point may t» 
somewhat lower than the melting point, due to sur/nsiou. 
H Bmlinp point, <l«pt* rm i fi atinn o[^ ami nrmiJi tiAnm idfati Hng.-- 

Delermiue the boiling point of water thus (see Appeo" 
dis, 17) : Use a distilling dftsk of about 200 or 2'ib cubic 
centitoetera capaeity, with a side delivery tube carrying ' 
short piece of rubber hose. Half fill wiih water. Throng"! 
the stopper insert a thermometer (werting it first) so th* 
tb? bulb is below the exit and above the surface of tip- 
int«T, high fOPOgb to »voi4 being spattered doring boii 
ing. Support the whole on ssb^tos, or gauze, and tb« 
inm stand so that theiv may be no danger of overtainiDg; 
Heat until the liqaid bmls and the temperatore reaches its 
maximum, vfak-h is steadily maintained for fire nunntes oi 
more. This is the ^Tiay pMmi. It should be, with a good 
thermometer, 100' C ; b«t thermometers ate often inac 
eaiata, and may he conected b; aetnal uhwaia tion, made 
with dweeaie. 

Vart the Mqpe rim o M m ftaOsvs : 

Mt I- By puKhiiv with Ae ta^^ don the mbb« exij 

tnbe white the Kqvid » st9I hmEa^ and Date the ^m1 oi 

tampewtara. Lm it me «^ ah at f, thaa ape» and ob 

aarre what takes plam. 

M^ % Lmnt the thermMHter asta the bdh is i mm maBd 

^^^^A ""A >M*» >8"n A* ma II imam famyuatm.. Cr* viti 

^^^bk talk* ifM.khAa with it dand. Tfce limpiiHaiiid 
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3. Let it cool sufficiently, then add to the water about 
a tablespoonf ul of salt and a few crystals of copper sulphate, 
boil, and observe the temperature of the vapor as before (it 
should be unchanged). 

4. Lower the thermometer and take the temperature of 
the boiling solution. 

Collect some of the liquid (distillate) which drops from 
the exit tube. Does it show any color ? Has it the taste 
of salt? {Distillation.) 

Fit a test-tube well with a cork, fill about one third with 
water, and boil. After it has boiled a few seconds and 
while it is still boiling, remove from the flame, quickly in- 
sert the cork, invert the tube, immerse the stoppered end 
just under the surface of some water in a convenienf ves- 
sel, and pour cool water on the upper end. What takes 
place? What is the explanation of the phenomenon? Let 
cool, nncork, and note the inrush of air. If the cork does 
not come out easily, force a pin between the cork and the 
glass and withdraw it. 

Optional experimeal — In a small evaporating dish evapo- 
*^te to dryness some distilled water. Is there any residue ? 

Similarly evaporate to dryness some sample of natural 
*ater. Is there a residue ? 
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[ CHAPTER U 

3 ILLUSTRATING THE FUNDAMENTAL QDAK- 
TITATIVB LAWS OP CHEMICAL CHANGE 

t ifiiTE. — Study with 6{>eci&l cure the quantitative relations in the ts- 
perimenta of this chapter. In all the metisiirenieDts of quantity vbi'^^ 
70a make, whether in this work or in the work of subseqnent ctupleR- 
tiy to make an estimate of the rineertaintj which is aecossarilf ''"' 
■ volved in the meaaurements by reason of the conditions in which J"" 
work. Id some of the problems it will be important to make st leB^ 
two oiBMurements of the same quantity, in order to show how mitf'^ 
uncertainty is thus inrolved. As the work adranees, after you h»'' 
studied the primary topic which is illustrated, ^ve some thought ^ 
the topics already passed, which may find secondary iltostratioD by tt^ 
experiment in hand, especially as to these general laws, and also '^ 
to the kind of reaction involved, and other definitions presented 
Chapter I. 

Dave care always to state in your notes the specific topic to 
illustrated, and. when practicable, the specific experimental problem *" 
be solved; then describe your method of solution, endeavoring togS*^ 
the essential features, apparatu^^ incidental observations, etc ; then, a^ 
rule, present the data of observation, carefully labeled, the calculalio^^*" 
if any, and the final result, with your conclusions therefrom. , 

In reeording data, be sure that your notes include all origii^ * 
obserTatioDB. For example, you are to determine the weight of a sii . 

stance contained in a dish ; you do so by determining the weight — 
the dish with its contents, and the weight of the dish alone, the diff^^* 
ence between these being the weight sought. Now. the important poi^^^~^ 
is to record in your notes, not simply this difference, but the origin '^ 
weights which by subtraction gire the desired value. 

Notes should be written in the laboratory, during the progress --J 
the esperiment, and quantitative data should be recorded at one*. C^^--"^ 
not rush through an experiment and then Iry to write np your noU^^^-^ 
from memory, perhaps outside the laboratory. Do not delay reiiordi^^*'' 
results until you have learned whether they are good. Put them ^^*' 
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h, and later mark " erroneous," if necessary. Do not be discouraged 
ftte result at first triul is unsatisfnetory. Yoii will often need to 
atono an experiment ooce to learn how to do it, aud need to repeat 
rsuucessful results. It is well to bear in mind that practical chem- 
try is more or less a handieraft, and that you will surely (all to get 
Kid return for your time and labor unless experiments are performed 
irefully as well as studiously. 

Make it a rule to read through the diit!ctions for the whole experi- 
BDt before you start upon its perf on nance. 



1, The Law of Persistence of Hubs 

, PrdiTninary. — Some apparent contradictions : 
Ra) Place about 1 gram of mercury sulpliocyanate in I 

evaporating dish, counterpoise the dish and its 
ntents on the balance, ignite the substance by a match 
a hot iron wire. Describe the phenomenon, and note the 
'ect on the equilibrium of the balance. Had you made 
e experiment without using the balance, what would you 
■ve inferred us to the effect of the change on the quantity 
substance ? 

jWS) An experiment for the teacher to perforin before the t 
Wm, Bum a taper, or alcohol in a small lamp, in such 
Hner as to collect and weigh the prodttcta of combustion. 
Rs may be conveniently done as follows : Suspend the 
per or very small lamp (which can be made from a short 
it-tube, a cork, and a piece of wicking) from the lower 
d of a atudent>-lamp chimney, to the upper end of which 
fitted a perforated (?ork (tarrying a train of four absorp- 
■n tubes ; the first two of these are filled with fragments 
sodium hydroxide, and the last two with fragments of 
,einm chloride ; to the farther end of the train is at^ 
ihed a rubber hose leading to a filter pump or to an 
airator ; the whole apparatus — lamp, chimney, and absorb- 
l train — is then suspended from the arm of a suitable 
lance and counterpoised. When this is ready, start the 
np which draws a current of air through the apparatus, 
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carrying with it the products of combustion into the t 
where they are retained. Light the lamp and allow it lo 
bum fifteen or twenty minutes, noting the efEect on the 







equilibrium of the balance. How does the weight of the^^ ^( 
products of combustion compare with the weight of the ^^ 
material burned? (Fig. 1.) 
8*/3 An alternative form of apparatus for this experiment 
may be more simply provided as follows i Make a cylinder 
of wire gauze which shall fit closely in the upper half of 
the student-lamp chimney ; fit the lower end with a cork, 
through which several holes are bored, and to which a short 
piece of taper may be attached (see Fig. 2), or, preferablj, •' 
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^H suspend the little alcohol lamp as in Fig. 1. Fill the gauze 
^H cylinder with fragments of sodium hydroxide, and suspend 
^V the whole by a loop of wire from tlie arm of the balance. 
I Light the lamp or the taper. Although the 
I products of combustion are not so fnlly re- 
I taiaed as in the preceding form, the gain in 
I weight is made evident by burning for a few 
J niinutes. 

I EsPLANATOBT Note. — The alcohol and the candle 

I contain carbon and hydrogen as elementary constitu- 
ents, Theae in the process of burning oomliine cheia- 

leallj. with the oxygen of the air, forming as products 

Soseoos carbon dioside and hydrogen oxide— i. e., wa- 
ter. These products ore carried into the tubes, where 

the carbon dioxide is retained by the sodium hydros- 

"5e, and ibe water is retained partly by condensing to 

*'*l>J,id form, and partly by the strongly hygroscopic 

^U-bstanee, calcium chloride. The products of the 

^orobuation, therefore, weigh more than the material 

"Wfned by just the weight of the oxygen taken into 

•^oijjbination frpm the air. 

AH the ordinary fuels likewise contain carbon and ^'°- 

"y»3rogen; therefore the products of ordinary oombus- 
. r''*^ "ffi carbon dioxide and water, and eombuation itself is simply 
l_«iatttnce of chemical action accompanied by heat and light. [C 
K*Sth Esps. 13, 15/, and 15/i-) 

^k B. To 0mtrate the law: 

^H (1) Recall or repeat Exps. 13/sa, and 15/i. 

^M^ (2) In a gaa generator (see Appendix, 6) fitted with a 84/5 

^^piistle-tnbe and a delivery tube place a charge of marble 

^Hp. e., calcium carbonate, symbol CaCOg) in small lumps, 

^Bl>ith enough water to seal the end of the thistle-tube ; in 

^^Pbother vessel {a bottle or a deep beaker) place a strong 

Solution of sodium hydroxide ; in a third (a small beaker), 

Some concentrated hydrochloric a'bid and a glass rod. 

Counterpoise the three vessels with their contents on the 

heavier balance (see Appendix, 1, A). Cautiously turn the 

&cid, a few drops at a time, into the generator (obserTQ 
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what tukes pkce), lettiug the reaction go on elowlj throngb 
a measured interval of time while the delivery tube opens 
into the air, and nntil the effect on the equilibrium is un- 
mistakable. (What is the effect?) Then drop tliedeliyerj 
tube into the second vGaae! bo that the gas bubbles throngb 
the solution ; again counterpoise, and continue the reac- 
tion at about the same rate, and during the same len^ 
of time as before ; then again note the effect on the equi- 
librium. 
i Secondary obserration. — To show that an invieible gas, 
quite different from air and not before present, ia produced 
by this change, remove the material from the balance, drop 
the delivery tube into a clean beaker or bottle, partlj 
covered by a glass plate {see Appendix, 19, V), and pour a 
little more acid into the generator. After the effervescenOfl 
has continued a few seconds, slide the plate to one side and 
plunge a lighted match into the bottle. The gas produced 
\B Garioii dioxidst eymbol COf 

1 EsPLiSATORY Note.— This esperiment, owing to the limitetloMi" 
weighing, can give but crude qnantitative resulis, showing Himplytli*t 
ihp bfllanee, which gives no indication of differences less than 0.2 or 03 
of a gram, iodicates unmistakable loss of weight in the first ranili' 
tions, but no loss io the second, although the reaction goes on ti i" 
the first. 

The chemical name of marble is calcium carbonate, symtml CaCO* 
It is a salt derived from the metal, calcium, and carbonic acid, synibol 
fliCO,. By the action of hydrochloric acid on this substance, calciuw 
chloride, another salt, symbol CaCli, is pmduccd. and carbonic «*!- 
The latter substance breaks up at once into carbon dioiide, spn'"'' 
COi, anil water, symbol H,0. The carbon dioxide passes iDto tn^ 
atmosphere as an invisible gas. the wat«r adds itself to the rest C " ' 
water, and the calcium chloride remains in solatim. These I 
tions are expressed in equation form as follows: 

(1) CaCO, + 2HCI = CaCI, + H.COk 
(3) HXO. = CO, + H,0. 

Sodium hydroxide, symbol NaOH. is a base (see Part I. ^f>h). f^ 
whrn the oarbon dioxide ownes in rontact with its sohition in tl»8f 
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I'tottle the two subatAiices combiDD aud another salt is produced, 
^y, sodium carbonate, symbol Na,CO,. This remains ia solution, 
allowing equation expresses this reaction : 



3. The Law of Fixed or Definite ProportionB 

(o) Evaporate to dryness a few drops of hydrochloric 87 
id Bolution in the Bmall Dvaporating dish, heating gently 
th the caution necessary in this operation (see Appendix 
). Acid of a good degree of purity is needed, 
'p) Likewise evaporate a few drops of ammonium hy- 

solution. Describe the results, 
1) Carefully weigh to tenths of a gram the small 
rcelain dish with a short glass rod, both articles being 
an and dry. 

[It will be advantageous to have two or even three 
ighed dishes to use, They may be distinguiehed by 
atches on their edges made with a file.] 
With some suitable measure (a test-tube with a slip of 
tnmed paper or a file scratch on its side will serve, 
hough a burette or graduated pipette is better) take two 
Jal volumes of the ammoninm hydroxide solution, pour- 
f them into a weighed dish. Exactly neutralize this 
tiid with the hydrochloric acid solution, using litmus 
per as indicator, and adding the acid drop by drop, stir- 
g after each addition, until the paper just turns per- 
-nontly pink. Note carefully the volume of acid used, 
aporate the contents of the dish to dryness on the water- 
:h ; this is facilitated by frequent stirring toward the end 
the operation. Let cool, and determine the weight of 
3 salt obtained. How will you make sure that the salt 
impletely dried ? 
idissolve the salt, using very little water ; filter if neces- 
id crystallize. Dry the crystals on filter paper, and 
lem with blue and with red litmus paper slightly wet. 



(8) Take the same volume of hydrochloric acidwkich 
was used in ( 1), add to it only one meaaureful of ammoniim! 
hydroxide, evaporate, and weigh as before the salt obtainei 
RedisBolve, filter, and crystallize this salt. Teat the cryBtaJ! 
with red and with blue litmus paper. 

(3) Take again the same volume of acid as previonslj 
used, add to it three measurefuls of ammonium hjdroade, 
evaporate, and weigh as before. 

EedisBolve, filter, and crystallize this salt. Teat the 
crystals with red and with blue litmus paper. 

1 yuE3Tiosa.— Are the three portions of salt thus obtained difletml 
samples of the same substance, or are they different substances! fW 
is the ratio between the quantities of salt obtained in the three e*sat 
Have you any evidence that hydrochloric acid or ammnnium hydrojide 
passes off during the evaporation, in (l)f in (2) f in (3)f WhatiEtbe 
logic of the ejperimont t Rea«on it out fully. Is heat litiersled when 
hydrochloric acid and ammonium hydroxide are mixed) 

I Explanatory Note. — The salt obtained by the combinBtim ol 
hydrochloric acid and ammonium hydroiide (symbol NHjOH, i W 
is named ammonium chloride, symbol NH.CI, and the reaction is thus 
expressed : Hydrochloric acid and ammonium hydroxide produce 
[i chloride and water ; or in equation form, ^h 

HCl + XO.OH = Nn.Cl + H,0. ^| 



8. The Law of Multiple Proportioiui 

1 (a) Take of iodine and of mercury in the ratio ol 253 
parts by weight of the former and 199 of the latter; toi 
the actual esperiment weigh out accurately (in some ^Ms 
vessel, as both substances attack metals) 6.30 grams w 
iodine, and 5.00 grams of mercury. Transfer the Kle^ 
cnry to a mortar (previously weighed with its pestlfl "" 
the heavier balance). Add a few drops of alcohol, then » 
small portion of the iodine, and rub gently with the P**" 
tie; then add another portion of iodine, and rub; and so 
ou until all the iodine is used and the whole is thorougl>v 
mixed. 





b11 to keep the mixture slightly moiEt witli alcohol during 
JHjthc first stages of tbe operation, in order to avoid oviirli eating, 
>tlierwlse there may occur a slight flash in the mortar, accompanied b; 
^he fusion of the substance. If this happens, it is better to clean tbe 
mortar (use sand to scour), and start the usperiment anew. Avoid in- 
tialing the fumes of iodine, and protect the hand, if desired, with a 
fold of the t«wel. loiline stains may be removed with sodium sulphite 
!>r ammonium sulphide. 

Persistent rubbing may be necessary even after the sub- 
rtances seem well mixed. The operation when completed 
ihould yield a bright-red powder, mercuric iodide, symbol 

c Weigh tlie mortar and contents on the heavier balance. 
I Take out a email sample and apply alcohol to it in a 40/1 
git-tube. [The alcohol should not be colored by the 
Jdine ; if it is so colored, continue the rubbing.] A¥arm 
tie alcohol to gentle boiling, having care that the alcohol 
apor is not ignited by the flame ; set aside to cool. The 
morphous powder dissolves in hot alcohol, and deposits 
n cooling in crystalline scales, sometimes bright scarlet, 
>metimeH yellow (allotropic forms). 
I Sublime another smal! portion of the red powder in a 40/8 
B test-tube, note the red and yellow sublimate {allotropic 
fens) ; rub the yellow with a glass rod. Note the crystal- 
fee residue after fusion. 
■ {&) Take 5.60 grams of mercuric iodide obtained in 40/b 
n, which is equal to ^ (6.3 -|- 5) and 2.50 grams of mer- 
ary. Add the mercury in small portions at a time to 
le mercuric iodide in a mortar, rubbing thoroughly after 
ich addition. This should yield a greenish-yellow powder 
HercarouB iodide, symbol Hgl). If the color is not satia- 
"story, continue the rubbing and, perhaps, allow to stand 
*t twenty-four hours. 
H Weigh the mortar and contents on the heavier bal- 

1 Treat a small portion as in (u) with boiling alcohol. 40/8 
98 it dissolve ? 



40/4 Sublime another portion ; note the character of the a—^ 
limate and the residue after heating. 

40/5 ExpLANATOBY NuTE. — MercQcous iodide is insoluble in hot aicoiu/ 

and ilBCOinpoHeB on heating into mercuric iodide and niereury. 

Questions, — How do you diSerentiate between mercurj aod iodine 
mixed, and mercuric iodide) between mercuric iodide and 
iodide f between mercuric iodide and mercury mixed, and 
iodide) How does the weight of the mercuric iodide obtained cdid- 
pare with that o( the mercury and iodine used I What becomes of the 
alcohol f Hon does the weight of the mercurous iodide compHre wilb 
that o( the mt^rourio iodide and the mercury used I Wliat is the nlio 
between the quantities of mercury in the two substances reckoned for 
ooiislant quantity of iodine t between the quantities of iodine, reckoned 
tor constant quantity of mercury t What is the logic of the eiperi- 
mentt Show clearly that it is not contradictory to Law 3. WliU 
does Ijftw 3 dfflrm in regard to these two reactions! What doesU* 
1 afSrm with regard to themt Is heat liberated in the reaction be- 
tween mercury and iodine) 



4. The Law of Equivalent FroportioiiB* 

General problem. — To investigate the relation between 
those quaniilies of different substances which prodace 
equal ihemieal effects, 

Spedfie Qhutntin proUem.— A. To determine the re^^ 
tion between the quantities of oxygen which combine 
reepectirely (1) '"t^ *■*** grams of magnesium, and (3) 
with B-.V) grams of line, 

R To determine the relation between the qnantitiee ■>* 
hrdrogen liberated from hTdrochlorie acid respecrirely (^) 
bv 9,-10 grams of magneeiom, and (4) bj 6.50 grams o* 








Al 



To determine the quantity of oxygen which combines 41/1 
ith 3.40 grams of magnesium : Recall Exp. l5/s- Weigh 
i hundredtha of a gram a porcelain crucible with its lid, 
lean and dry. Weigh out exactly 1.00 gram of magnesium 
ibbon. Breaking this into small pieces, transfer the whole 
the crucible. Support the latter, covered by its lid, on 
he pipe-stem triangle and iron stand (see Appendix, 11). 
tpply heat, alowly at first, then the full heat of the flame, 
taise the lid glightly from time to time to see what ia 
aking place and to let air in, but avoid losing any of the 
?hite emoke. When the danger of this is passed, remove 
he hd and continue the heating about fifteen minutes, 
fhen the crucible is cool, weigh it with its lid and con- 
Bnts to hundredths. To make sure that the reaction is 
oniplete, heat, cool, and weigh again. When heated, the 
lagnesium combines with the oxygen of the air and the 
'"oduct is magnesium oxide, MgO. Calculate from the 
ass of oxygen which combines with 1.00 gram of mag- 
^Bium what mass combines with 2.40 grams of the same. 
^pon what law ia this calculation based ?) At least two 
'terminations of this value should be made. 

Secondary items, — Describe the phenomenon seen and 41/i 
^e substance produced. Does the reaction evolve heat ? 
oes magnesium oxide dissolve in hot water? Test with 
d litmus paper. Does it dissolve in dilute sulphuric acid ? 
oil it in the crucible or dish with a very little of the dilute 
id, filter, and crystallize the salt, magnesium sulphate, 
gSOi (compare Exp. 17/-). How does the reaction be- 
feen magnesium oxide and sulphuric acid, symbol HjSO,, 
fter from' that between magnesium and the same acid? 



I 



An Alternative Method 

e method involves mHlilnR. first, jnngnesiHivi iodide, Mgli, thpH 41/b'^ 
gtbifl aabstaDPe, by which it is decomposed into iodine and raag- 
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ncBiun, and tbo latter is eon verted into the oxiUc, HgO, all without Ion 
of subMtanae other than tlie iodiue. The final result is the same (u ia 
41/,, but it is brought about with less elevation of temperature. 

Weigh to himdredtha a small evaporating dish witi a 
short glass rod. Weigh out carefully 0.50 of a gram of 
magnesium, and place this in the dish. Weigh out abont 
S grams of iodine. Pour on the magnesium enough alco- 
hol to cover it. Then add the iodine, a little at a time, 
stirring constantly. With a little care the reaction niflybe 
so controlled that the heat evolved shall not cause spatter- 
ing and consequent loss of material. When the magnesinm 
is entirely acted upon, heat the dish and contents on the 
water-hath until only a thick, siruplibe mixture ia left 
Then transfer the dish to the iron ring and heat with » 
very smail flame, holding the burner in the hand (aS before 
directed for careful evaporation ; see Appendix, 13), and 
stirring constantly. Continue this until the danger of 
spattering is past, then apply the full heat of the flamfli 
As this causes iodine fumes, it may be necessary to perfonn 
this part of the experiment in the hood. Continue the 
heating for a few minutes after the iodine has entirely dis- 
appeared. Finally let cool, and weigh the dish and con- 
tent, which is magnesium oxide, a fine powder only slightlj 
brown in tint. The calculations are the same as in the 
first method. 

A2 

41/2 To determine the quantity of oxygen which combinW 
with 6.50 grama of zinc : 

It is impracticable to do this bj direct combustion, as in the em^ 
nesium experiment. The method is to act on zinc with nitric addipW" 
dncB zinc nitrate, dry this, then ignite it and thus prodilce zmo oU>' 
without loss of other than volatile material. Refer to Exps. 15/i andW/f 

Weigh a small evaporating dish with a short glass wi 
to hundredths of a gram. Weigh out 3.00 grams of granu- 
lated zinc. Transfer the latter to the dish. Pour a drop 
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of nitric acid down the rod, letting it come slowly 
t contact with the zinc, (Remember that nitric acid is 
trjcorroeiTe.) "When the first violent reaction is over, 
Id a few drops more of acid, and so on until the zinc is 
impletelj dissolved with the least acid that will serve, 
vaporate the contents of the dish to dryness on the water- 
-th. The evaporation may be performed more quickly, 
it only with closer attention, by holding the burner in the 
fad) having the flame low, and applying just enough heat 
Keep the liquid gently boiling, until there is danger 
iSpattering, and then not enough heat to cause the for- 
»tion of bubbles (see Appendix, 12). When the salt is 
oroughly dry, increase the heat, and Anally give it the 
11 flame for about fifteen minutes. When the reaction is 
lished, let the dish cool, and weigh it with its contents 

himdredths of a gram. The product is zinc oxide. To 
ake sure that the reaction is complete, heat, cool, and 
iigh again. From the maae of oxygen which combinea 
th 3.00 grama of zinc, calculate what mass combines 
-"th 6.50 grams of the same. At least two determinations 

this value should be made. 

!■ Becoadaiy items. — Describe the reaction between zinc and il/a 
trie acid. Is heat evolved ? What takes place wheji zinc 
trate is heated ? Does zinc oxide dissolve in water ? in 
lute sulphuric acid? Optional experiment: Filter, and 
jstallize the zinc solphate (see Exp. IT/a). 

How does the reaction between zinc oxide and sulphuric 
id differ from that between zinc and the same acid ? 
Tiat is obtained by the action of hydrochloric acid on 
DC oxide ? 

Bnmmary. — Compare with each other the individual 4l/d 
lantitative results with magnesium, also those with zinc ; 
leu compare the average of the first with the average of 
16 second. Wliat is the conclusion as to the masses of 
'ygen which combine respectively with 2.40 grams of 

jneeium and with 6.50 grama of zinc ? 



I 
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41/3 To measure by volume and calculate into weight the 
quantity of hydrogen liberated from hydrochloric acid by 
2.40 grams of miignesium : I 

(a) To measure the capacity of the collecting bottle, 
No. X (a bottle with glass stopper holdijig about 2,500 c.c.): 
Fill the tank with water, which should be brought to tbt 
temperature of the room, if necessary by heating portioni 
in the iron vessel. Fill the collecting bottle compietelj 
and put the stopper in place. Measure the volume of tMs , 
water in cubic centimeters ; this may be done by ponriiig, 
without loss, into a graduated cylinder, or, if such vessel is 
lacking, as follows : Fill a graduated flask repeatedly from 
the bottle (one holding 750 c.c. is convenient), and wei^, 
in a vessel not unnecessarily large or heavy, the last reaidne 
which is insufiicient again to fill the flask; the weightot 
the water in grams may be taken with only inconsiderabls 
error as its volume in cubic centimeters. Determine thus 
the capacity at least twice. The variationa should not be 
more than one or two cubic centimeters. 

[Why not weigh at once the bottle filled with water?] 
41/3b (b) To generate the gas : Weigh out carefully tiS 
grams of magnesium ribbon, transfer without loss to the 
gaa generator (see Appendix, 6). Add water just sufficient 
to seal the thistle-tube ; test for leakage by blowing in thf 
exit end of the delivery tube until the water rises four or 
five inches in the thistle-tube, then pinching the ntbisr 
hose, or closing the end of the tube with the tongue. The 
column of water should maintain its height, or sink onlf 
slowly. A film of water between stopper and glass «i" 
help to prevent leakage, or, as a last resort, the stopper w*! 
be sealed with vaseline or with paraffin. 

Have some strong hydrochloric acid in a beaker, I' 
will be found convenient to let a test-tube lie in the bw> 
of the thistle-tnbe ; it may be used Ij 



pouring from the beaker, and the ronnded end makes a 
kind of valve. 

(c) To collect and measure the gaa : Fill the collecting '. 
bottle with water, put in the stopper, invert in the tank, 
remove the stopper, incline the bottle so that it rests on the 
wall of the tank and slip into its mouth the bent delivery 
tube (compare Appendix, 19, I). Pour acid, a little at a 
time, into the thistle-tube until no more gas is generated, 
Aa much heat is liberated in this reaction, it is well to set 
the generator down into the water of the tank. Ascertain 
now or later the volume ia cubic centimeters of the acid 
turned in. 

When the efEervescence ceases, raise the bottle so that 
the water within and without is as nearly as practicable at 
the same level, withdraw the delivery tube, insert the stop- 
per under water, and remove the bottle from the tank. 
Measure the volume of the water left in the bottle, and 
Calculate the volume of the gag collected. 

Observe the temperature of the water in the tank, which 
should be that of the room, so that it may be safely assumed 
that the temperature of the gas is the same. 

Observe by the barometer the pressure of the atmos- 
phere {see Appendix, No. 15 B). 

Take note that hydrogen with air may make n danger- 
ously explosive mixture ; therefore have great care that the 
hydrogen is not brought near a flame. 

Calculatioii& {See Appendix, 30.)— The data of this • 
problem are : 

The weight of metal used ; 
B'T he total capacity of the bottle ; 
^EDie volume of acid tunied in (how is this need ?) ; 
^H%e volume of water left in the bottle ; 

The temperature and pressure of the gas. 

Prom these is first calculated the volume of the gas 
KGOerated, measured in cubic centimeters at the observed 
l^^ieiature and pressure. .^i 
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Now, since change of temperature and change of pres- 
Bure cause change in the volume of gages, it is impurtmil 
that observed volumes, in order to be comparable, should 
be reduced to standard conditions of temperatnre and pres- 
sure. It is customary to use as standards 0° C. for tem- 
perature and YUO millimeters of mercury colamn in tbe ba- 
rometer for pressure. The method of reducing observations 
to the standards may be taken arbitrarily now, to be ex- 
plained in Chapter IV. The observed volume is reduced 
to vohime at 0" by applying the law that "a volume of gsa 
at O'' increases by 3^ of itself for each degree of rise in 
temperature, pressure remaining unchanged." The observed 
volume is reduced to volume at 760 mm. by multiplying by 
the observed pressure in millimeters and dividing by 760; 
but since the gas is collected and measured over water, it is 
saturated with water vapor, and the observed pressure U 
made np of the true pressure of the gas plus the pressnr* 
of the vapor at the given temperature. The preBanre pi 
tension of the water vapor at different temperatures ii 
obtained by observation, and given in tables acceseible it 
books of roference ; this value for the ordinary' temperatur' 
of 20" is 17 mm., and may be subtracted from the observe* 
pressure as a slight correction. (See Appendix 22.) 

The volume of gas generated, thus brought to standar* 
conditions, is finally calcnlated into weight, by aid of tb< 
fact that one liter of hydrogen at 0^ and 760 mm. weigb< 
0.089t) of a gram. l>oes the fact that che hydrogen collected 
in the brittle is mixed with air coming from the generatoi 
affect the problem? 

At least two burly concordaQt determinations shoflUtt 
made of the hydrogeo by magnesinm. ^^| 

^H 

«lj*4 To raeaenrv by Tolxiine and c«lcalate into weight the 
quantity of hydros^n tiWrated by 6L50 grains of *inc (com- 
pare Exp. IT ,1 : l*rw**d a$ In B 3, (i) and (e), 1 



yaims of granulated zinc. At least two.fairly concordant I 

leterminations of this value should be made. I 
Bnmmary. — Compare with each other the individual 4l/5iB 

MBnlta from magnesium ; also those from zinc ; then the I 

average of the first with the average of the second. What I 

ie the conchision as to the quantities of hydrogen liberated I 

reapectivelj by 2A0 grams of magnesium and by 6.50 grams I 

of line ? Compare the results in A and B. Are the masses I 

of magnesium and zinc which produce equal chemical effect I 

in combining with oxygen also the massea which produce I 

sqnal effect in liberating hydrogen ? ■ 

H 6. The Law of Gas- volumetric Froportions H 

General problem. — To determine the proportions by vol- 1 
"lie in whiuh giiseuiis substances react. M 

Specific illastrative problem.— To investigate the proper- 47 ^ 
t'ou by volume in which nitrogen dioxide reacts (1) with 
sir and (3) with oxygen. 

ExpLiSAToav Note. — The pl»n o( work under this topic must be lo 
^Me ftraC the landameiital (act involved, and U) lei the esperimeuC 
Krve rather to illustrate the practical application of this fact to the 
"teervations in hand. 

Nitrogen dioxide, symbol NO (named also nitric oxide), Eombines 
'itb oxygen on contact in the ratio of 4 volumes (gaseous) of the former 
t" 2 yolumea (gttseouB) of the letter, forming 3 volumes (gaseous) of 
nitrogen tetroxide, symbol N|Oi, a substance which is soluble in 
"Iter. Air is a mixture of osygeti and nitrogen, 1 volume of the for- 
mer to 4 volumes of the Utter. Nitrogen does not reset with nitrogf'ii 
lioside, 

(a) To calibrate two gasometric (i. e., gas-measuring) 47/a 
'ttbes : Use two testrtubes, 230 mm. (9 in.) long and 
[8 mm. (J in.) wide, and as a unit tube one about -l^ mm. 
.^t in.) long and 10 mm. (f in.) wide. Divide the large 
■"bes into portions of equal capacity by tilling the small 
'ttbe with water, pouring its content into the large tube, 
Sd marking the level of the water with a rubber band. 
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H 47/b (S) To prepare nitrogen dioxide : Put into the genarBtor 
■ a charge (to about half fill) of ferrous sulphate (commer 

rially known mIho as copperas and as green vitriol) in small 
liinipH, with water just enough to eeal the thistle-tnk 
Iliive strong iiiti-ic acid with a rod in a small beaker. Turn 
the acid a little at a time into the generator. Collect the 
gui ovL>r water in the small collecting bottles (see Appendii, 
10, I), rejecting, as probably impure, the first three or four 
bottlefuls ; then retain for use stored in the bottles. Cart- 
fully avoid inhaling the gas; also handle the acid with cart, 
an it is very r-orrosive. I 

47/1 (1) By means of the gasometric tubes, measure ont vol- I 
unies of air and of nitrogen dioxide in the ratio of 5:2; I 
pouring the latter under the water of the tank, upward 1 
from the bottle into the tube (see Appendix, 19, II). It i* 
advHntttgt^^ns to use large rather than small quantities. 

I'aas the content of one tube, under water, into tt*-* 
Other (what takes place?), and, after suflBcient intert*'^' 
road the volume of the residual gas. Repeat the operatic^ ^ 
onoiigh to get fairly concordant results. If the gas is pn*^' 
Aiid the mcttsiirvnionts well made, the revolt is 4 rolum^^ 
i« proporiioM to the 5 and the 2 which were taken : iber^^ 
foif 3 voliiiutw, <ir \ of the mixture, disappear in the rea-^* 
timi. (WlMt is tlir cause of this contraction?) 

T*ki> * lutNftsurMl sample of the residual gas. add to th:=^ 
a mi>asnred Toluiae of air, and obserre the eoDtractioQ : if t^^ 
lit n^ K>Ks nakv tvfiMtMl additions, nntil tb^re is n^* 

t^ftk^ aMiMhiN- »t »M M<J auapk of the pesidiial gas, ad^ 
Ul> it a iiMtt^iftml Twimac «f Mtois^ tfwdde ; if th« eo^* 
tm^itw K not «H«. cMrtiase dwaMboM mdl it is. 

IVwltiii'fe^rwMMilSBc — ftMaiygf ? Doesitro^V 

n« f$> M-miMf' •tti. » «b OV. T ii> WBii - fl< axj^ea and ^ 
•itNC«««ra!«A(> ilk tW Mm 441:1, Mn flwad au w J? 
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If there is a residual gas, test it for further contraction 
by repeated additions of oxygen. What is indicated here 
by contraction or absence of contraction? 

Likewise test the residual gaa for further contraction 
y additions of nitrogen dioxide. What does contraction 
[ signify here ? Why are observations of temperature and 
kproBBure unnecessary!' (For a convenient form of record 
§8ee Prob. 8, No. 65/6 , Part I.) 

Applications. — Measurement of contraction, in Gonditioiia lilie those i 

■Just indicated, may be used to determine the real volume of oxygen or 

Wot nitrogen dioiide in a given sample — that is, tlie purity of the sample 

— provided only that there is nothing present to cause contracliou iu 

BUie given conditions, except theee two substances. It is only necessary 

3 make sure that the snhstanee to be measured has been entirely used 

1 naking the observed eoutroctions. (How is this made sure f) Then 

■*lio volume of oxygen actually present may be obtained by the propor- 

;: observed contraction : volume of oxygen (whyf); and the 

volume of nitrogeu dioxide may be obtained by the proportion 3 : 3 : : 

**oBerved contraction : volume 6t nitrogen dioxide (why t). Apply this 

^ determine the percentage purity of your sample of nitrogen dioiide 

*nd of oxygen. Your sample of tlie first will be of good quality if jou 

'^Sect enough to have it free from nitrogen coming from the air. Com- 

***erciftl oxygen is liitely to be impure, also, from the presence of ni- 

EspLANATORY NoTE. — The reaction by which the nitrogen dioxide i 
*^ prodnced is rather complicated for complete explanation at this 
^tuge; the following may suiHee : The proximate (see No. 20, Part I) 
•^•^nrtitiients of nitric acid are water and nitrogen pentoxide ; the latter 
'*"«ry readily gives up a portion of its oxygen to other substances, and 
■^ftcoiaes a lower oxide of nitrogen (example of multiple proportions), 
**» this instance the dioxide ; the agent which takes this oxygen from 
*-l»e nitrogen pentoxide is ferrous oxide, a proximate constituent of the 
'ermus sulphate ; in thus taking oxygen this substance is converted 
into a higher oxide of iron— namely, ferric oxide (example of multiple 
I proportions). 

Substances wfiich thus give up the whole or a part of their oxygen 4 
LSK called oxidizing agents ; those which thus take on oxygen are called 
^~^V€\ng agents. 
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6. The Law of Persistence or ConBerraitioii of Eiieig7 
applied to Chemical Fhenotueoa 

JIi'iil Dislurbiuue iii- C/ifiiiiral Ji'etf.-iioti/i 

(The student should read Xos. 50-55, Part I, Won 
undertaking the experiment.) 

SO/I TnB Umt of Ukat, — The unit of quaotitj which is used in meU- 
nriag best is daflned as thu qoaDtit; of beat wbicli raises 1 gnia 
of water I ' in lemperature, or, slrietly defined, from 0' lo 1° C„ tot 
as more eonimoni; used, from 18" to IB'. This unit is named llw 
ealorit (or ffmm-aiiorit). For convenience, u unit equal to UW 
Mtnrics is ofli^ti used, tile l-HograTn-mlorie. desi^ated by Ihe abbrc- 
liation, Onl., while for the smaller unit the sbbreTiation. cal., is used. 

&0/d The quButilT of heat dislurbanee is nioet sinipl.T measurwl when [be 
rMCtion takes |)tace qoiokly biuI in water solation. as iu tbe neulnli- 
Mtion of lHk»s Slid acids. The ksuIi is commonly reckoned for l^ 
minbiniug w«igfais in gnuos of the suheUofes used. (Recall in what 
rMMinns tmu htn noted the libention of heat.) 

&%3 lUaitntm pnUaL— To dei^nDuie in calories the qaan- 
tity of heat Ubeiaied in neolralizing 133 grains (its coDO- 
biniug weig^ht) of «nf/iV acid vith ainmontnm hydroxide* 
both bciit^ in water solutioD. 

Wei^h OQt A.00 grains of oxalic acid ; dissolve this in 
100 0.0. of vMor in a beaker. IVke sufficient amnoO" 
niuu hv^n.vttdv' Nation to neatnlixe this acid,* and odd 
«'m>a^ Tatm- to bria^ its rolanw up to 100 c. c Hare the 
l«v> s«dtttioas in bcakeis, and at a toHpentnre not far dif- 
flMvnt tntm that of tfc» raMB. Otecnv caiefnllT the teD>- 
|iM«tttiv trf mrh ambrtidB. QaiddT poor one into tbe 
«lh«r,s(ir with the thmMMetar. and ofaaene the resoltso^ 
tMapHatai«. fTh» sah. aM«MW«H oxalaie. mar he rex^- 
tt;r rcT3«aUiw4 IMM tl^ ad«ttMi by ^igfat MocentntJoo) 




CBlcnlatio]i& — In dilute solutions it may be assumed, for 50/4 
Iculationa such aa these, that the quantity of heat needed 
I raise the solution one degree is the same as that needed 
I raise the water whieh it contains one degree. SometimeB 
le weight of the water is taken, and Bometimes the volume 
f the solution is reckoned as if it were pure water. The 
liter method is somewhat the simpler. In this experi- 
lerit, the two volumes being equal, the temperature of the 
iiiiture woiild be the mean of the temperatures before 
ttinng, if no heat were liberated. The difference between 
hie mean and the observed resultant temperature is the 
lamber of degrees that the 200 c.c, reckoned as so many 
abie centimeters or grams of pure water, have been raised 
y the heat of the reaction. Calculate from this the cal- 
■ies of heat which would be liberated by neutralizing 
5 grams of oxalic acid in dilute solution. Some heat 
of course taken up by the material of the containing 
5SeI ; how much, it would be necessary to determine, if 
*a,ter accuracy were demanded. 

At least two determinations should be made of this 
'■i of neutralization. 
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EXPERIMENTS ILLUSTBATINO THE RELATION BETWEEN 
VOLUME, PBB88UKB, AND TEMPERATURE OF GASES 




1. The Lav of Boyle 

Uditiion beliceen Volume (Did Pressure of Gases 

Speoiflo problem. — To investigate the relation betwe^"* 
llii' viiiiiiiii' and the pressure of a confined mass of air, i""* 
temperature remaining constant. 

II Use a gasometric tube of 25 cubic cent— ^ ^' 
meters in capacity, graduated in fifths (th^** 
1 inside must be dry), filled about one third c:^' 
. J one half with air, the rest with niercnrv. ai^^ — 
'"^"' inserted, the open end down, in a narrow cj ''' 
MiuMn inder containing mercnry. Hold the tab- •^-- 
fe ^ using » paper holder to avoid changing ll^^* 
I leiiipersture by contact with the hand, in * 
I fixt-d position ; observe the volume occupi^^*" 
I by (he gas, reading from the top of the me^^ 
I curr column ; measure also, the position W* 
I ing unchaaged. the length of the mercnr^cy 
B column from its top to the free surface of tt»e 
" mercury in the cylinder, using a metric rtm^e 
or * common one, according to convonienc* 
Xow change the posiiion of the tnbe veirl* 
oally, read the new volume, and measure the 
WW l*n(rth of column. In this manner make the obserw- 
tNMis in fiw w six <iiffe«)nt positioos of the tnbe. 



Hn)-K''K taw. 
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CalcnlatioiiB. — It will be found convenient to record the 68/1 
tliimes in a, vertical eolumu, and the lengths in a column 
irallel with this, each corresponding horizontally with ita 
roper volume. Deduct tlie Bcveral lengths of mercury 
jIdidu from the length of the mercury column in the 
arometer, and the difEerences thus obtained measure the 
iBtive pressures of the gas when it occupies the corre- 
Jonding volumes. Xow, looking for a relation between 
le numbers measuring volume and those measuring pres- 
ire, multiply each volume by its corresponding pressure 
id compare the products. (See Appendix, 15 B.) 

V comes it that pressure is meaaured in linear units t And whv 
'he observecl pressure oblained by subtracting the obseired length of 
lonin From the barometric lon^ht 

What is the limit ol accuracy in your measarement of volume ! Of 
"ssuret How much variation from oonstancj may the products 
>V and stili prove constancy within the limits of observational accn- 

r 1 What does constancy in the products prove concerning the 



s? 



2. The Law of CliarleB 



Relation between Volume and Temperature of Gases 

^edfic problem.— To investigate the relation between 67 
Tolume and the temperature of a confined mass of air, 
'essure remaining constant. 

se an apparatus of the following description : A gaso- 
tric tube of 25 cubic centimeters in capacity, graduated 
fifths (the inside must be dry), filled about one tliird or 
le half with air, and the rest with mereury. This is in- 
n-ted. and the open end inserted in a shallow vessel con- 
ining mercury. Outside the gasometric tube is a larger 
ass tube, serving as a jacket, which is closed at the lower 
id by a stopper, through which pass centrally the gaso- 
etric tube and, either side of this, one small tube to carry 
earn and one to drain off the water. A thermometer is 
mded beside the gaaometric tube from a stopper which 



loosely fits the upper end of the jacket. A flaak 
nected bo that steam may be passed into the jacket at will, 
and the whole apparatus is 
fixed firmly in position. 

When it has stood long 
enongh to make aure that 
the inclosed air has the 
temperature indicated by 
the thermometer, read the 
volume, pressure, and tem- 
perature. Then apply heat 
to the flask containing wa- 
ter, and pass steam into the 
jacket until the thermom- 
eter reaches its maximum 
and holds it steadily for 
fifteen or twenty niinat«6. 
Finally, read again the rol- 
ume, pressure, and temper- 
ature. Calculate the aver- 
age increase in volume for 
1°, on unit volume, at the 
initial temperature, pies- 
aure being constant. To put 
this result into eonventionBl 
form, so that it shall he 
comparable with the resolt 
B given in boolts, it is only 
necessary to assume the 
same rate of change between the initial temperature and C . 
that you have observed between the initial and final tem- 
peratures, and from this, to calculate the average increase 
in volume per degree on unit volume at 0°, This is cflU?^ 
the iiicremenl of volume, also tJie coefficient of expansion. 

[What would be the effect of moisture in the gasometnc 
tube on your experimental result ?] 




■"iG. 4.— Apparatus to sliow Charloa'a 
law. A, jacket; B. g»sometric 
tnbe containing air ; T. thenuun 
Bter ; .?, rabbtr tube iji convey 
Bteam from the flank. F; W. fabt: 
to carry off wat^r. 





IRIMENTS ILLUSTRATLNG THE RELATION BETWEEN 
EQUIVALENT AND COMBINING WEIGHTS AND 
CERTAIN E 



1. The Law of Qay-Iiussac 



'Nation between Equivalent and Combining Weights of 
Gases, Elementary and Compound, and their Specific 
Gravjiies 

Specific problem. — To determine experimentally the spe- 71 J 
sfic gravity (A) of oxygen, (B) of carbon dioxide, and to 
jiveatigate the nuraerical relation between these values 
tnd the combining weights of the substances, assummg 
;bat the formula of the latter ia COj. 

[What is the specific gravity by definition ? {see No. 7, 
Part I.) What are these combining weights, numeric- 
illy?] 

Assume that the weight of one liter of hydrogen at 0° 
ind 760 millimeters ia known to be 0.0899 of a gram. The 
Bxperiraental problem then becomes, to determine the 
weight of one liter of the gaa in question at 0° and 760 
millimeters; or, if preferred, to determinti the weight of 
any measured volume of the gaa at an observed tempera- 
ture and pressure. The most direct method of solution 
would be to weigh a mass of the gas in a vessel of meas- 
ured capacity ; but the experimental difficulties in doing 
this make it impracticable for beginners. (Can you sug- 
gest some of the difficulties?) A less direct method ie 
Ujerefore followed. 



L 




To determine the weight of one liter of oxygen : 

Use a large test-tube (about 230 millimeters or 9 inebes 
long) fitted with a rubber stopper, carrying a glass taii 
rubber delivery tube, like that of the gas generator. The 
teet^-tube must be thoroughly dry. 

Weigh out roughly abont 5 grams of manganese dioiide 
(symbol MnO,). Place this in the porcelain crucible and 
igjiite it with the full heat of the flame for ten or fifteeu 
minutes to insure complete dryness. 

Weigh out roughly about 90 grams of powdered potas- 
sium chlorate (symbol KClOa). Mis the two substaBcea 
thoroughly in a clean mortar ; transfer to the test-tulie, 
and wipe any adhering dust from the upper part of the 
tube. Insert, to lie just back of the stopper, a loose plug 
about 15 millimeters (one half int^Ji) wide, made of a coiled 
strip of aabestoa board or of glaaa wool. 

Weigh carefully, to hundredtlis, the tube ^nd contents 
thus prepared. 

Support the tube horizontally between two rings of the 
iron stand, and tap it gently so that the powder shall ho 
somewhat spread out. Insert the stopper and connectiith 
the large collecting bottle in the tank. 

Recall the experiment ("No. 41/s c) with hydrogen under 
Law 4, Chapter II, and follow here the details of manipi' 
lation there directed for the collection and measurement d 
the gas generated. 

Heat the mixture gently so as to avoid too rapid evolO' 
tion of gas. It is best to apply heat to only a small po^ 
tion of the mixture at a time, for, if the whole mass h^ 
comes heated, the evolution of gas will not cease when ths 
flame is withdrawn, and more than the bottleful may he 
generated. When nearly sufficient gas to fill the bottle haa 
been collected, withdraw the heat, and when bubbles eeasf 
to pass, remove the stopper, lest water he drawn int* 
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be; let the tube cool, and carefully weigh it. The loss in 
tight is taken as the weight of the oxygen which has 

ised out of the tube. 

The volume of this gas is measured in the collecting 
rttle, aa before indicated. It is well to shake the gas with 

water remaining in the bottle, and then to reopen the 
ittle for a second under water. (Why?) 

CalcnlatioiiB. — From thia weight and this volnme calcu- Tl/I 
te the weight of one liter of oxygen at 0" and 760 milli- 
Jters, and from this value calculate the specific gravity 
the gaa and compare it with its combining weight. 

Make a second determination of the same. The origi- 
l cliarge will be more than sufficient to generate two 
rtilefuls. 

Secoodary obserratioii. — After the second determination, 71^ 
lect some of the gas in a small bottle and test it witb a 
hted match. (Sec Appendix, 19. I and IV.) 

EsPLAKATOBY NoTE — The potasaium chlorate, aymbnl KClOi. by 
Lting loses its nxygen and becomes potassium chloride, symlxjl KCl. 
e temperature at which this decom position lakes place is lowered bf 
1 presence of the manganese dioxide, hence ita use. 

B. First Step 

To determine the weight of the carbon dioxide gener- 
Bd from a weighed quantity of calcium carbonate by the 
tion of an acid : 

Weigh out with care 5 00 gram-* of this substance in pow- Sl/1 
sr. Transfer it without losb to a filter paper, wiping off 
ly dust adhering to the glass crystal with a small piece of 
iper. Wrap the whole in a small package, and put it in 
beaker. Weigh this beaker with its contents. 

In a second beaker put about 20 grams (15 c. c.) of nitric 
lid and a glass rod, and weigh this beaker with its contents. ' 
autiously pour acid from the .'iecond beaker into the first, a 
tU^ at a time, until there is no further action. Then weigh 




ELEMBNTARy PRINCIPLES OP CHEM 

again each beaker and its contents. The loss of weight in 
the system is taken as the weight of carbon dioxide gener- 
ated. Make at least two determinations of this quantity. 

B. Second Step 

To determine the volume of the gae generated by the 
action of an acid on a weighed quantity of calcium car- 
bonate : 
! Weigh out 10.00 grama of the calcium carbonate, wrap in 
a paper as iu No. 8I/1, and transfer without loss' to thegw 
generator. Now, carbon dioxide, being soluble in water, 
can not be collected over water without loss. The difficnltj 
ia avoided by using an intermediate bottle, holding aboul 
four times as much as the collecting bottle. It is proTided 
with a two-holed stopper, through one hole of which paasei 
a bent glass tube, terminating close to the bottom of the 
bottle ; through the second hole passes a tube terminating 
]U8t below the stopper, and to the outer end of this ia 
attached a rubber tube cJirrying the delivery tube. The 
delivery tube of the generator is now connected with the 
first tube of the large bottle, and the delivery tube of thfl 
latter is inserted in the mouth of the collecting bottle. 
The gas from the generator will thus be paaeed to the bot- 
tom of the large bottle and.being considerably heavier thin 
air, will lie there some little time, while an equal volume crf 
air will ]>a8s out from the top and may be collected IBi 
meiuiurod, as in die hydrogen experiment. After the oat 
nections are made the apparatas should be tested for lesk- 
1^ (see Exp- 41 jb). 

Pour about iO grams (30 c c.) of nitric acid, a littJeit* 
time, through the ihistle-tabe until the reaction cei** 
Not« the volume of the acid used (why?), the temperatarerf 
■ th<? water in the t*nk, thai of the room, and the height of 
the tiarometcr. Make thus at least two determination ^' 
the Tolnme of g»« generated. 
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Calculations. — From these observatione calculate first 81/3 
ihe weight of one liter of the gas at 0° and 760 millime- 
tere, then the specific gravity referred to hydrogen, and 
finally the ratio of the specific gravity to the combining 
weight. 

XoTB- — The intermediate bottle, after once serving, Sl/4> 
before being again used, must he cleaned of its gas. This 
may be done by blowing it out with a pair of bellows, the 
lozzle of which, extended by a rubber tube, reaches to the 
)ottom of the bottle. 

EsPLANATOBT NoTE.^Id this reaction the factors are calcium car- 81/5 
lonAto (a salt) and nitric acid; the products are calcium nitrate (a 
Dluble sEilt), water, and carbon dtoniide, the latter appearing as a gas. 
'his maj be expressed by equation, thus : 

CaC0,-|-3nN0, - Ca(N0,),4-H,O + CO, 
i:alc. nitric ealc. water. cBrbon 

cBTb. Held. nitrate, diotlde, 

Recall the similar reaction in the experiment under Law 1, Chapter 



I 



mtla 



2, The Law of Buloog and Petit 

ttlion between Equivalent and Combining Weights of 
Elementary Solids and their Spedjic Heats 



Definition of apecifio heat— The specific heat of a Buh- flS 
tanco is the quantity of heat required to raise in tempera- 
ure 1 gram of the substance 1°, divided by the quantity of 
'eat required to raise 1 gram of water 1°. 

It is necessary to discriminate carefully between quan- 
■ityof heat and temperature. The unit of quantity (see 
So. 50/,) is called the grajn-ralorie, and is the quantity of 
lieat required to raise one gram of water one degree {strictly 
Erom 0° to 1°, practically from 19° to 30° or thereabouts). 
Therefore specific heat may better be defined as the quan- 
tity of heat, measured in gram-calories, required to raise 
one gram of the substance one degree. 



L. 



J 
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fl5/i Specific problem. — To determine experimeDtallj the ^ 
dfic heat, ttiid to investigate the numerical relatioi* /& 
tween this value and the combining weight in the case (Aj 
of lead, (B) of zinc, (C) of tin.* 



I Specific lieat of lead. — Weigh out carefully 1OO.0 grsmi 
of lead (shot), transfer it to a largo dry test-tube, set the 
tube and contents in water contained in a suitable yessel, 
and boil the water. The lead should be immersed belo" 
the surface of the water. 

Weigh out carefully in a beaker 50.0 grams of water 
which has the temperature of the room ; test with the 
thermometer to see that the temperature does not change 
in an interval of five minutes. Put the thermometer, first 
drying it, in the lead, and sec that it reaches a maiinium 
which it holds for at least five minutes. Record this tem- 
perature. Tlien put the thermometer back in the water, 
stir, read the temperature carefully, and record it. 

Now, as quickly as possible, take the tes1>tube from the 
water, pour the warm lead into the water which the beaier 
contains, stir gently with the thermometer, qnickly read 
the maximum temperature and record it. 

The observations therefore are ; The weight of the water 
and its temperature jnst before miring; the weight of the 
lead and its temperature just before mixing ; the temper*- 
luri' of the resultant mixture. 

I Caloulatioiu.— Let 
.r = the quantity of heat required to raise 1 gram of lead 1 i 
jf — tbeqnantityof heat required to misel gram of water 1°1 
/ = tbe dfjrrees ot temperatnre lost by the lead; 
l'= the degrees of temperatiire gained by the water. 

•OOB ot these thrM det^nninKtioiu ma; be Ihonsht sufficient, •" 
ptrhitiw Kit ia«<r be omitttd if the student hu already made siiiu1>>' 
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It follows that 

100 X ^ X a; = the quantity of heat lost by 100 

grams of lead in cooling t^, 
^X t' Xy = the quantity of heat gained by 60 
grams of water in warming t' °. 

If now the experimental conditions are made such that 
lead shall lose no heat save what goes to the water, and 
water gain no heat save what comes from the lead, then 

se two quantities of heat must be equal. Equating the 

) expressions gives 

100 X ^ X a; = 50 X ^' X y. 
From which is obtained 

— = 'ir.A /± = Specific heat by definition. 
y 100 X ^ ^ "^ 

The experimental conditions called for to justify this 
lation can be but crudely realized by the directions here 
en, but sufficiently to give a good illustration of method, 
culate the quantity of heat required to raise 205 grams 
ead 1°. 

B 

• 

Specific heat of zinc. — Weigh out carefully 50.0 grams of 95/4 
nulated zinc, and 50.0 grams of water. The procedure 
I calculations are the same as in the case of lead. Cal- 
ate the quantity of heat required to raise 65 grams of 

cr. 

C 

Specific heat of tin. — ^TJse 50.0 grams of tin in coarse 95/5 
vder, and 50.0 grams of water, and proceed as in B. 
[culate the quantity of heat required to raise 118 grams 
tinr. 

Note. — Save the material used in these experiments, so that it may 
Iried and be ready for us€^ again. 
21 



3. The Law of HitBcherlich 

IMtiiioii- between Composition, and Hence Combining Wtigii^ i 
and Spedjic, i. e.. Crystalline Form 

lit* No exporiiiieiits. 

4. The Law of Baoolt (1) 

Relation between Combining Weights of Solutes and Sptei^ 
Depressions of the Freezing Point in Specified Soivent 
(See Purt I, No8. 31 and 23/.) 

1 1 1 Speoiflo problem. — I. To investigate experimentally the 
ri'liit ion botHt'eii the depression of the freezing point sn^ 
the quantity of the solute (A) when the solute is campbof 
and tlip soh-eut paraffin ; and (B) when the aolute is 
naphthalene and the solvent paraffin. 

II, To iuvestigate the numerical relation between the 
specifio depression (i. e,, depression for 1 gram of solute 
in 100 grams of solvent) of camphor in paraffin, and oi 
n»phth»leue in paraffin, and the combining weights of the 
eolut«s. 

A 
IIIA (I) Weigh oBti-arefnlly 10.00 grams of paraffin and 0.80 
nt A gnun of osmphor. MeJt the paraffin in an evapoTadDg 
dish on the water^th, then add the c^raphor and let it 
dtwntv^ stirring 'r«11. IVmr a saitable portion of the hJh- 
tii^n into a dean, irr treft-inhe. Let the liquid be ahont 
on* inoh d««p. tn anoth«9- tnhe put some paraffin. H»" 
a flirnt^swd in «»rh lab«, ud attach the tnbes br rnbbei 
ban.)^ to « thf r auPWt W ff. Sospmd the tnbes in a be^n 
>>ont»imn$ vst«r, w dial Umt are snitaUr iiniiMTaed, tti 
aft'i^.v boat «Btil tbe niituv Bkelts. Aflov to coo) WJ 

<i>wervy Jht tfKt^mg fritii. Jbtprntanrrai iimm§mt»-_ 
tixnl r(«ahs^ It wB 8W» 
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led for in Exp. III/2, and to attach the three tubes at 
I time to the thermometer. 

(2) Make a mixture of 10.00 grams of paraflSn and 1.20 111/2 
ms of camphor, as in (1), and in a similar manner deter- 

le its freezing point. Are the depressions approxi- 

bely proportional to the quantities of the solute in a 

stant quantity of the solvent ? 

Calculate the specific depressions — i. e., depressions for 

ram of solute in 100 grams of solvent — and take their 

rage. 

B 

(3) Make a mixture of 10.00 grams of paraffin and 0.60 111/3 
I gram of naphthalene, as in A ; (4) also of 10.00 grams 111/4 
paraffin and 1.20 grams of naphthalene. Observe the 
3zing points, and make the calculations as before. 

II. Multiply the specific depressions of camphor in 111/5 
affin by the combining weight of camphor (CioHigO = 
), and the specific depression of naphthalene by the 
abining weight of naphthalene (CioHg = 127), and com- 
e the products. Are they approximately constant ? 

Note. — It will be realized that the probable error of reading on the 111/6 
nary thermometer is so large a fraction of the depression itself, 
the results can not be quantitatively very satisfactory. A ther- 
aeter reading at least to hundredths would be needed for good 
Its. Calculate the variation in the product made by the variation 
lie quarter of a degree in the depression. 

S'oTE. — The tubes maybe cleaned by immersing in boiling water, 111/7 
the dishes by wiping with filter paper while still warm. 

5. The Law of Baoiat (II) 

%tion between Combining Weights of Solutes and Specific 
Elevations of Boiling Temperature in Specified Solvent 
[See Part I, Nos. 21 and 24/4) 

Specific problem. — I. To investigate experimentally the 127 
tion between the elevation of the boiling temperature 



5fi 
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and the quantity of the solute (A) when the solute is 
sodium acetate and the solvent water, and (B) when tJje 
Bolute is potassium tartrate and the solvent water. 

II. To investigate the numerical relation between the 
specific elevation of boiling temperature^i. e., elevation 
for 1 gram of solute in 100 grams of solvent— by sodium 
acetate in witter, and by potassium tartrate in water, snA 
the combining weights of the solutes. 



127/1 (1) Use a small distilling flask, as in the observatioii of 
boiling point (see Appendix, 17). Put in it a suiUble 
quantity of wa,ter and some bits of pumice (why the lat- 
ter? See Ho. 34/j, Part I), boil, and observe oarefallj the 
temperature of the boiling water. Repeat ail readings for 
constant results. 

127/3 (3) Drain the water thoroughly from the flflsk, and put 
in its place a solution of 100.0 grama (or 100 cubic centi- 
meters) of water and 15.00 grams of sodium acetate wito 
clean pumice. Again observe the temperature of the boi*' 
ing solution. 

127/3 (3) In a similar manner observe the boiling t«niper^ 
ture of a solution containing 100.0 grams (or 100 enl>~ 
centimeters) of water and 30.00 grams of sodium acetate. 

Are the elevations approximately proportional to th^ 
quantities of the solute in a constant quantity of the st^. 
vent? Calculate the specific elevations, and take tie— ^ 
average. 

B 

127/4 (4) Observe the boiling temperature of a solution <*^ 
100.0 grams (or 100 cubic centimeters) of water and 30.0^' 

127/3 grams of potassium tartrate ; {!>) also of 100,0 grams {o. ^ 
100 cubic centimeters) of water and 40.00 grams of pota^ 
eium tartrate. Make the same calculations as before. 
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II. Multiply the specific elevation of sodium acetate 127/6 
NaCjHaOg) in water by the combining weight of the same, 
md the specific elevation of potassium tartrate (K2C4H4OC) 
)y its combining weight, and compare the products. Are 
hey approximately constant ? 

The same remark as to accuracy of observation applies 
ere as under the preceding law. Care should be taken 
lat the bulb of the thermometer is completely immersed 
L the liquid. 

Note. — The solutions may be saved in order to recover the salts by 
ystallization. 

Altemattye experiment — Instead of the solutions indi- 127/7 
ated in the preceding experiment, may be used the follow- 
ag : A 15.40 per cent and a 30.80 per cent solution of potas- 
ium chloride (KCl), and an 11.00 per cent arid a 22.00 per 
Jent solution of ammonium chloride (NH4CI). 





CHAPTER VI 

BZPEBIMBNTS HiLUSTRATINQ THE METHOD OF DBD 
MINING EQUIVALENT AND COMBINING ■^BIGHTS 
OF ELEMENTS AND FORMTILAS OP 
COMPOUNDS 

DeteTmination of the Equivalent Weiglit of an Elemen^HH 

gpecMo problem. — To determine experimentally the ma^asG 
of till which combines with 7.94 grams of osygen, (Tihui 
does not eombiue with hydrogen.) 

144/1 ExpLiNATORT NoTE. — It js not practicable to oaase a. weighed qu^b- "n- 

titjr of tit) to combine with oxygen of the air, and to weigh the oiL ^' 
obtained ; but hy the action of nitric acid, tlie osidiziog pover o' 

f which has ulreut; been noted [in what connection f], an oxide of tiim. i' 

product which does not rnlatilize, does not combine with nitric ac^ zWK' 
and does combine with water, forming a compound, howerer, trc^^^ 
which the water is espelled by prolonged hestin?, leaving dmpi; t:^^ 
oxide. The excess of nitric acid is also volatilized by beat. 
144 Weigh very carefully tji hnndredthe of a gram a small ev^^—P" 
orating dish, clean and dry, together with a short glass rt^^'^ 
Weigh out CAMfully 5.00 grame of pure tin foil. Put ^ 
}iortion of this in small pieces in the evaporating dish, a^c^'' 
jnst moisten with nitric acid. When the action is nearT""'J 
oter, put in more tin, and then moisten again with acS-''- 
Continue this until all the tin is used, with the niinimi»- "^ 
of acid that vrill suffice. 

IVscribe what t^es plan. What is the brown gu prodaca^' 
IUv« nre m^t to inhale il : it te well to use the hood. Also bear " 
mind thei'xIrriiM eomsiraHss of nitric aeid. Tse the rod topoDrt>7- 
tMriitf; it in thp dish. Ke^ Ibe oatstde of tbe beaker clean. Have ' 
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IB_ "^leat the diah and contents on the water-bath antil the 
^^l^iid has entirely volatilized, transfer to the iron ring of 
tne stand, apply the direct flame, gently at first passing it 
back and forth, then give it the full heat of the burner, 
coTitinuing for some time after the fumes have ceased to 
appear. The powder should be slightly brown when hot, 
and yellowish when cool. 

Let the dish become thoroughly cool, and weigh it with 
its contents to hundredths of a gram. To insure the com- 
pleteness of the operation, ignite again for fifteen or 
twenty minutes, let cool, and weigh again. 

Assuming that you have in the dish a compound con- 1*4/3 
taining only tin and oxygen, calculate the weight of oxy- 
gen which has combined with the 5 grams of tin, and from ^^ 
this the weight of tin which combines with 7.94 grams of ^^M 
oxygen. Make at least two complete determinations. ^H 

I B, betermioation of the Combinliig Weight of an Elemeiit 

Tinder the law of Bulong and Petit choose what mul- 150 
^ple of the equivalent weight determined in No. 144/s shall 
'•e taken as the combining weight of tin. The specific 
*»eat of tin is 0.056. (See Kos. 101 and 105, Part I.) 

It will be realized that the utmost care must be taken 150/1 
^*i the manipulation, since the weighings must be to hun- 
'■'"edths of a gram, and the variation in the quantity of 
•^Xygen for 5 grams of tin should not be more than one or 
t-Wo hundredths of a gram. 

Having dptprmined the eombiniDg weight o( tin, deduce the for- 150/2 
^Ula for the oxide. Try to write the equation for the reaction between f^m 
^<U (svmbol, Sn) and nitric acid, HNO, , What ie the percentage of tin ^^| 
^nd of ozfgen in tin oiide t ^^H 

3. Detertniuation of the Formula of a Compound 
Specific problem, — To determine the percentage of the 154 
proximate constituents, carbon dioxide, 00^, and sodium 



I 
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oside, Ka^O, in the compound, aodium carbonate, and from 
these to deduce the formula of the compound, 
t {«) To determine the percentage of carbon dioxide; 
Talio a sufficient quantity of the Bodium carbonate for &II 
the following experiments, heat in the larger evaporating 
dish over the flame, gently and not too hot. This is simply 
to secure the dryness of the sample. 

Weigh out carefully 5.00 grams of the dry sample, and 
follow the procedure given for determining the weight ol 
carbon dioside in calcium carbonate (see Exp. 8I/1), usiu? 
hydrochloric instead of nitric acid. Make at least t"Wti 
determinations. 

Calculate the result as grams of carbon dioxide in I-*B 
grams of the sample. 

t which is l-«t 

(6) To determine the percentage of sodium oxide : 

1 EsHLASATORT NoTB. — Smce it is not practicable to sepwate til"^ 

consUtuent from the raraponnd. and weigh it bf itself, it is necesB^^^ 
to convert it quantitatirelj into some substance irhich it is praotica>fe^ 
to separate anj weigh, and the compositioD oI which is known. &'"' 
this purpose the carbonate is converted into sodium nitrate bf ^^ 
action of nilrio acid, the i:«rbon dioxide escapes, and the water m^^ 
exMes<i( nitric acid are volatiliwd. Sodium nitrate is not volatile, k^ 
is li<>l decomposnl bv heating short of fosion. Its compo^Lionisgitf'" 
bf the tormuU Ni(,K.O. . or, as usnallir expressed. KaNOi . [What p^^ 
ceolifv ot Ka,0 doe» this formala show t] 

' Weigh oat carefully 5.00 grams of the dry sample ^ 
sodium carbonate in a &mall evaporating dish, the weig^l^* 
of which h«s been determined to hundredths of a gra**- 
Xeutralizc this with nitric acid, using a very slight exce^'*' 
and having care not to Kise by effervescence, Evapor^^ 
OB the vaTer4]«ith until tbe litjnid haf disappeared, av^_ 
tiwn. |ttssing the barner b*ck a»d fortli, heal gently no."*" 
t)t« substance ]H$t be^os to melt. Let cool, and wei^^'^ 
The Mibstant* obtained if sodium nitrne. Uake thw 
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east two determinations of the weiglit of this substance 
ibtained from 5 grams of the carbonate. 

Knowing the percentage of sodium oxide in sodium 
nitrate, calculate the weight of sodium oxide contained in 
the weight of the nitrate obtained, and reckon this result 
as grams of the oxide in 100 grams of the carbonate. 

SMOndaiy obaerratlan. — Redissolve and c-ryetallize the sodiuin ni- 
irate. 

K (c) To deduce the formula : 

Since the proximate constituenta are carbon dioxide, 156 
)0g, and sodium oxide, NaaO, the formula must be (NasOjx 
COj)„, the coefficients, x and y, to be deduced from the 
ercentagea experimentally obtained. Hence divide the 
erceutage of each constituent by the combining weight of 
le same, and the quotients give the ratio of the coefficients, 
and y, Now these quotients are not necessarily whole 
nmbers, but the peculiarity of chemical phenomena ie 
lat they stand in the ratio of whole numbers, usually quite 
Hall. Hence inspection or division by the smallest will 
iffice to show the smallest whole numbers that have the 
itio of the quotients. In this specific problem the ap- 
roach of the quotients to equality measures the accnracy 
f the experimental work. The simplest valnes, therefore, 
3r x and y are 1 and 1, and, in the properties of this sub- 
tance, no reason is found for using any multiples of these 
alnes. The accepted formula is therefore NasO'COi, or, 
8 it may also be written, NacCOj. 

[Write the equation for the reaction between sodium 
(Wbonate and nitric acid.] 



CHAPTER VII 

THB ATOMIC THEOBT 



No experimentB, 



CHAPTER VIII 



Experimental Study of the Properties of Ike First TiMniy- 
Jive Elements (in the Order of theiT Combining WeigMi) 
and Soine of their Compounds 

So fAr us practicable, each element in turn will be presented in 'f> 
free condition tor descriptive study : first as to its physical propeftlWi 
those which appear on inspection, and others; second, &s toitscb^*' 
properties. Then will follow the study of some of its most importii* 
compounds, II is judged unnecessary to give detailed direeljowf'' 
munipuktion in all experiments, as by this time the stndent slKHild 
have had sufficient esperiencc in the laboratory to give him somejiulg- 
ment ol his own as to how to do tiling Some of the raanipulilioo^ 
too, are repeated many times. 



1. HntBoaEiT 



puliliw* j 



S02 Preparatton. — See Exps. 17/, and 41/, and Appendis. W> 
I. Use the small collecting bottles or test-tubes. Use iron 
(nails) or zinc and hydrochloric or dilnte sulphuric acid. 

^oj^.— Hydrogen with nir mahes a mixture which na^ 
»£plodf dangerously on ignition. Tlterefore the graatnt 
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ion must always be taken to avoid accident from unex- 
Bd ignition by contact tvith flame. 

Physical Properties 

Observe as to color ^ odor (any odor is due to impurity). 203 
to weight compared with air. — A crude test : Fill a test- 
2 with hydrogen over water, close with the thumb, hold 
aiouth downward directly over and close to the mouth 
. second tube, then remove the thumb quickly, bringing 

two ends together, reverse the position of the tubes, 
irate them, closing the second, now the upper one, with 

thumb, and test at the flame for the presence of hydro- 

in both tubes. 

As to solubility in water. — A crude test: Collect in a 204 
:-tube, leaving a little water; close tightly with the 
mb, shake, open under water, close, and shake again. 
Deat this several times, and note if the volume of water 
:he tube increases and the gas decreases. 
As to relative difiusibility. — Use a dry glass tube, closed 203/1 
)ne end with a porous plug of plaster of Paris, and open 
bhe other. Close temporarily the plugged end with the 
imb or a cork, and fill the tube thoroughly by dry dis- 
cement — i. e., hold the tube open end downward, thrust 

delivery tube at first well up to the top, then slowly 
hdraw it (compare Appendix, 19, VI). When the tube 
uU, immerse the lower, open end in water, uncover the 
ous plug, and allow to stand for some time. What 
es place ? Can you explain the phenomenon ? 

A modification of the preceding experiment, suitable to be performed 208/2 
he teacher before the class : Use a porous battery jar, closed by a cork 
plaster plug through which passes a glass tube of convenient length, 
port this so that the lower open end of the tube is immersed in a col- 
. liquid (e. g., water, colored by potassium permanganate). Slowly 
jr over the porous jar a glass bell jar filled with hydrogen. When 
^as ceases to bubble from the end of the tube, remove the bell jar. 
same may be tried with illuminating gas in place of hydrogen. 



— Holil a piece ot platinum sponge (i. e., ttnely diriduf . 
pliitinuni deposited on the surface of asbestos fiber), thoroiig-hlj dM, 
in the stream ol hydrogen issuing from the delivery tube, but odj 
when the gas is sufficiently pure to be ignited with safety. 

[This experiment, like the preceding one, may best be pcrfonnsl 
by the teacher.] 

Chemical Properties 

Teat aa to the action of hydrogen ou wet litmus paper, 
f Teat aB to oombiutibility. — With suitable precaution, the 
gus issuing from tlie delivery tubo may he ignited as a jet, 
but, owing to the danger of explosion, this should not Iw 
tried until the action has continued long enough to eipd 
the air from the generator. It is beat always to teat ft small 
sample of the gas thus : Collect in a testr-tube over water, 
cloHO with the thumb, bring it to the flame, mouth down- 
ward, remove the thumb, ignite the gas, and slowly invert 
the tube. The gas should burn quietly in the tube. If i^ 
burna quickly with a slight report, it is not safe to ipit« 

at the generator. 

1 Male it n ruie always to wrap several folds of the ioWf* 
over and around the generator before igniting the goi, *•" 
mailer how eonfideni you may be of its purity. Serious 0^ 
fidenl tnay follow neglect of this precaution. 

Observe the character of the hydrogen Same ; hold " 
dry glass plate or beaker over the flame. What is the pr*^ 
duet Qf combustion ? 

I Haaooit state,— Fse four test-tnbes, fill about two tliir*3.8 
full with water, and color each portion slightly with a fe"* 
drops of pota^ium iKTmanganate solution. Into the fir-s^ 
put A fi'w fragments of zinc and a few drops of sulphuri" 
will, and |pt the action continue for some minutes. Wl»^* 
is the n<«u)t ? What substance is it which causes the coK''' 
to disMpitear.* To answer this, place in the second tut*® 
8»u»io liuo. in \\w thin! some solphnrtc acid, and in.*** 
the fourth lot tl«» hyilrw^n from the generator alow^^y 
bultht(>, i^rvfi^rabty it^ins; line as the metal. 
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ExPLANATOEY NoTE. — The permanganate loses its color in conse- 208/1 
t\uence of losing some pf its oxygen. The oxygen is taken from it by 
the hydrogen, but only at the moment of its liberation from the acid, 
^hen it is said to be in the ihoscent state. The experiment may not be 
entirely satisfactory, for the reason that the impurity which is usually 
carried by the hydrogen from the generator, and which comes from the 
metal, and imparts the odor to the gas, tends to remove oxygen from 
the permanganate. Observe as to the odor of the gas which has bub- 
bled through the colored liquid. 

T($ explain the phenomenon of the nascent state it has been sug- 208/2 
gested that the substance in the atomic condition may show an activity 
which is wholly or partly lost after the atoms have come together into 
molecules. 

ft 

Another method of generating hydrogen. — Use a few frag- 202/3 
nients of zinc in a test-tube with a dilute solution of sodium 
hydroxide. The reaction is facilitated by a piece of iron 
(a nail) in contact with the zinc. 

2. LITHIUM 

Li.— 6.97 

INo experiments, unless to show a sample of some 210 
dt of lithium — e. g., the chloride — and the color it im- 
*i*tis to the flame. 

3. GLUCINTJM or BERYLLIUM 

Gl. or Be.— 9.0 

INo experiments. 216 

4. BOBON 

B.— 10.86 

Boron is difficult of preparation, so it is impracticable to show it. 
^orms an oxide whose symbol is BaOs, and which combines with 
^^«r, forming boric acid. The sodium salt of this is the familiar com- 
^I'cial substance, borax. 

Borax and boric acid crystallized. — Saturate about a 225 
^akerful of water with borax. Filter, if not clear, and 
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set aside about one half of this to crystallize. To the re- 
mainder add about one half ita volume of hydrochloric acid, 
and aet this aaide to crystallize. Observe the different ap- 
pearance of the two Bubstancea when crystallized. 

Rinse a sample of each substance quickly with a verj 
little cold water, and dry it on filter paper. Observe the 
reactions on litmus paper. 

Flame coloratioa— Put a very small quantity of bona in 
an evaporating dish, add a few drops of alcohol, ignite the 
alcohol, and obsei-ye the color of the flame, while stirring 
the mixture. Extinguish the flame, add a few drops of 
dilute sulphuric acid, reiguite the alcohol, and again ob- 
serve the flame color. This test is often used to recog- 
nize boric acid and its compounds. 

The borax bead. — Melted borax has the property of dis- 
solving many metallic oxides, and these often impart chsnifr 
teristic colors to the substance. This test is very uaefnl in 
qualitative analysis. To make a borax bead, nae a piece of 
platinum wire, about 75 millimeters (3 inches) long, one 
end of which is fused into a piece of glass tubing for* 
handle. Bend the free end of the wire around the ali»rp- 
ened end of a lead pencil, so as to make a small loop. Heat 
this red hot, touch it to some powdered borai, and heat the 
borax which adheres to the wire. What is the first effMt 
of this, and to what is it due? (see Exp, 21/;.) When 
the borax has fused to a clear, glasslike bead, touch it, 
while still hot, to some particles of copper oxide. These 
adhere to the hot bead. Do not let it take up too much— a 
very minute quantity suffices ; and if you have not enough 
on first triiU, it is easy to add more, but it is not so ea«j to 
reduce the quantity. Qest again to fuse the bead with 
the adhering copper oxide. The particles of the latter can 
be seen slowly to dissolve, often with beautiful play o' 
colors on the surface of the bead. Observe the color of 
the bead, when hot, and when cold. The bead should b* 
transparent, but, if too much material has been put in. ^ 
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II be opaque, ao the color can not be distinguished. In 
is event, clean the wire, leaving only a fragment of the 
ad, and add more borax. To clean the wire, heat the 229 
ad hot, and quickly cool it in water. This makes the 
xture brittle, so that it can be easily removed. To get 
E best results, in the bead experiments, the mouth blow- 
M should be used for heating. By this means the char- 
ter of the flame can be ao varied as to cause the oxida^ 
>a of the dissolved substance, or the removal of oxygen 
im it — i. e., reduction. These changes often produce 
anges in color. Thus the copper bead is blue when 
ated in the oxidizing flame, and it has the color of metal- 
copper in the reducing flame. {Concerning the use of 
e blowpipe see Appendix 31.) 

Hanganese in the bead. — After seeing the color of the 238/9' 
pper bead in the oiiidiziug and in the reducing flame, 
ike a new bead and color it with manganese dioxide. Ob- 
rve the color in each flame. 



S. CABBON 

C,-ll,31 

Elementary carbon exists in three allotropic forms, 284 
imond, graphite, and charcoal ; only the last is here 

Preparation.— Heat a small quantity of sugar on the 248 
itula blade. It burns and chars. The black charred 
iterial consists mainly of carbon. In similar manner 
iny other substances show the charring eflect of heat, 
d this is evidence of the presence of carbon as a con- 
.tuent in the substance. It is due to the removal in part 
other constituents, particularly hydrogen, by combustion, 
e less easily combustible carbon being left as residue. 

Place some flne shavings in a dry test-tube, fitted with 35* 
lork and a short glass delivery tube, and apply the full 
*t of the flame. Note the appearance of moisture and 
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white fumes. Ignite the gas issuing from the tube. After e 
the heating obserre the black residue in the tube. Thiik 
cfaarcoal. Xote also the liquid, having tair; odor. Test it 
with litmus. 

The application of heat in this manner, withont b« 
acce&s of oxygen or air. is called drg or destructive dUiU- 
lation. It is applied on a large scale to the production of 
various substances from wood, and likewise to the produc- 
tion of illmninating gas and other sabstances by the dfr 
I structive distillation of coal. Heat a little soft coal in t 
test-tube, as in No. 'iai. 

Properties of Carbon (Ciarceol) 
Porositf. — Holding a piece of chareoal in the tongB, 
plunge it beneath the surface of some hot water. Is char- 
coal heavier or lighter than water? Keep it ander hot 
water for a considerable time. I>oes it finally sink in the 
water? 
I AbanrptiTe pown. — Generate a very little hydrogen edI- 
phide, using a piece of iron sulphide not larger than a be«n 
and a few drops of hydrochloric acid, and collecting ths 
gaa in a dry bottle covered with a glass plate ( Appendii, 
19. V). Drop into this a piece of charcoal, previous]; 
bMted for a few seconds in the gas Same. Set this aside 
with the cover on, and some time later observe by odor if 
the gas has been absorbed by the charcoal. 
I In a beaker containing water, colored by a few drops of 
pota^um permanganate solntioD. place a small qnantitj o! 
bonebtack (animal oharcoal). boil for a few minutes, tba 
filter. Does the filtrate lose its color? Is the color n- 
moved by filtering simply^ without the use of the charccal' 
OaiLlHHtiaii, — Does the substance bum? Does it bnp 
with a flame ? Vh\ not ? 

Product of cOBbutiaL^Ignite a ]»ece of charc€«l in ibe 
fiame Dutil it is well aglow, then drop it into ■ bottle ai 
cover the latter with a glass plate. When the coal i* es- 
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nguished, either take out the remaining charcoal or invert 
1.6 bottle over another bottle, pouring thus the heavy gas 
om the first into the second bottle and leaving the char- 
>al. Next pour into the second bottle some lime-water 
calcium hydroxide solution, Ca02H2) and shake the con- 
>nts. The white precipitate is calcium carbonate, CaCOa, 
Qd its formation may generally be taken as evidence of 
arbon dioxide, which is, in fact, the combustion product of 
arbon. Write the equation for the formation thus of cal- 
ium carbonate. 

Bedncing power. — Make a shallow hole in a piece of 257/2 
harcoal, place in this a small quantity of litharge (lead 
xide), and turn the flame (reducing) of the blowpipe 
pon this (see Appendix, 21, II). Describe and explain 
7hat takes place. 

5a. Carhon Dioxide, CO^ 

Preparation. — Use calcium carbonate and hydrochloric 201 
#cid in the generator. Collect the gas by upward displace- 
nent of air (Appendix, 19, V) in the small collecting bot- 
Jes. 

As to solubility.— Test as in Exp. 204. 262 

As to combustioii and specific gravity. — Plunge the lighted 263 
iaper slowly into a bottle filled with the gas. 

Place the lighted taper in one bottle, and pour upon it 
'he heavy gas from a second bottle. Holding a piece of 
magnesium ribbon in the tongs, ignite it at the flame and 
)lunge it into a bottle well filled with the gas. What is 
he white powder seen in the bottle after this experiment ? 
V"hat is the black substance ? Why does it retain some- 
''hat the form of the ribbon ? 

As to acid reaction. — Test the action on wet blue litmus 264 
aper. 

As to reaction with lime-water (calcium hydroxide solu- 265 

on). — Collect some of the gas in a test-tube, pour in some 

Hie-water, and shake. Pass in repeatedly more of the gas 
22 
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until the precipitate at first formed nearly or quite disap- 
pears. Tlien boil the conteutB of the tube. Explain the 
reprecipitatioQ. J 

I EspLANATOBV NoTK. — EscsBS of carboB dioside in water forms J 
with calcium carbooate an acid carbonate which is soluble in mler, I 
This compound i» broken up at the temperature of boiling and theei- I 
ceBB of carbon dioxide is expelled, in conEequence of which the insol- 
uble caktuiD carbonate reappeurs. Many natural waters contsin lliis 
acid carbonate of calcium ar of other bases, and tlerefore become lur 
bid and deposit Bodiment by boiling. Test soma sample of uatiinl 
water for this effect. See also Part 1, No. 371. 



Carbon dioxide in the breath. — Through a. 
r from the lunga into some lime-water. 



'laBB tuba blow 



5d. T7ie Hydrocarbons 
Methane, CBi 

278 Prepajation. — Take about equal bulks of lime, CaO, and 
of Bodium acetate, KaCsHjOB ; pulverize and mix the" 
thoroughly in the mortar ; put some of the mixture in a 
dry test-tube {about three quarters full), which is prorideil 
with a cork and delivery tube ; support this on the iron 
ring, heat, and collect the gas over water in test-tubeB. 

277 Fioperties. — Examine the gas as to color, odor, solubil- 
ity in water, and action on litmus (after the sample of gu 
has been shaken with water). Test for combustibility by 
igniting a teat-tuheful at the flame ; then test for a product 
of combustion by pouring some lime-water into the tube ffl 
which the gas has quietly burned, and shaking. What w* 
the products of combustion ? The combustibility may b« 
tested also by igniting the gas at the end of the delivery 
tube. 

Acetylene, C-fl^ 

280 Preparation, — Put tliree or four lumps of calcium cl^ 
bide, CiiC;, in the gas generator, with enough alcobol W 
cover the end of the thistle-tube. Add water tlirongh tiiS 
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dstle-tube, a few drops at a time, so as to regulate the 
)w of gas, and collect the gas over water in test-tubes as 
)r methane. 

Propertiea — Examine as to color, odor, solubility in 281 
ater, and action on litmus, as with methane. Test as to 
3mbustibility by igniting a^est-tubef ul of the gas at the 
ame, then mix air with acetylene in a test-tube and ignite. 
*o not try to ignite the gas at the delivery tube without 
le precautions taken with hydrogen (testing a small sam- 
e and throwing the towel over the generator), for a mix- 
re of acetylene and air may he very explosive. 

Describe what takes place in the generator, also the appearance of 281/a 
Icium carbide. Is the latter combustible I Allow a lump of it to lie 
posed to the air for twenty-four hours. Is it deliquescent I Is it 
groscopic I Test the liquid left in the generator with pink litmus. 
le reaction in the geilferator is thus expressed : 

CaC, + H,0 = C.Ha + CaO. 

CaO + HaO = CaOaHa (calcium hydroxide). 

5e. Flame 

Flame is simply gas, burning freely. A non-volatile 284 
^mbustible like carbon bums without flame. To observe 
>nie of the characteristics of flame, use the Bunsen burner, 
irned low, and the air shut off. Note the three different 
ortions of the flame : First, the outer cone, pale blue, vis- 
>le only at the base of the cone, where the light is feeble ; 
Jcond, the bright luminous cone ; third, the dark interior 
)ne. In the outer cone the combustion is complete, since 
lere is free access of air. In the middle luminous cone the 
)mbustion is incomplete, since the air does not penetrate 
► far ; but the temperature is high, and under these con- 
tions the carbon-containing constituents of the gas un- 
Jrgo chemical change somewhat as seen in the destructive 
stillation of wood. This results in the separation of 
ore or less carbon as very small solid particles. These 
e raised to a high temperature, white heat (incandescence), 
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ivented by Sir Humphry Davy, which miners carry in coal mines 
rhere there are combustible gases and where there is consequently 
anger of explosive ignition by the lamp. The lamps are inclosed by 
chimney of wire gauze which permits air to pass in, but no flame to 
ass outward. 

Effect of temperature on Ituninosity. — The fact that the 290 
owering of temperature lowers also the luminosity of flame 
ciay be seen by bringing, against the flame a porcelain dish, 
►r, better, an iron plate. The bright portion almost disap- 
>ears, and hardly more than the pale blue is seen. 

The Bonsen flame. — By opening the valves at the base of 291 
he chimney, so that air enters and mingles with the gas be- 
ore it burns, the character of the flame is greatly changed, 
^he presence of air in the interior of the flame brings about 
lore complete combustion, the solid particles of carbon 

not separate, luminosity nearly disappears, and no soot 

1 deposited on cold objects. The luminosity may be mo- 
mentarily restored by blowing any fine dust into the flame, 
ich as iron dust, charcoal, or sodium carbonate. 

The reduction of luminosity is not dependent on com- 292 
lete or increased combustion, since a gas containing no oxy- 
en, such as nitrogen, produces the effect, if mixed with the 
as before burning. In this case dilution and consequent 
eduction of temperature probably bring about the result. 

Eecall in this connection the character of the flame 
lade by the use of the mouth blowpipe. (See No. 229, 
Wt II, and Appendix, 21.) 

6. NITROGEN 

N.— 13.93 

Preparation. — The air is mainly a mixture of nitrogen 308 
tid oxygen, and the removal of the latter gives the most 
vailable method of preparing nitrogen. 

On a crucible lid, resting on a flat cork, and floating 
n the water in the tank, place a small piece of phosphorus. 



Bringing the cork over the bridge of the tank, ignite the 
phosphoniB and invert a beaker over the latter, letting the 
beaker rest npon the bridge. The phosphorus bums with a 
white smoke, which 13 the pentoxide of phosphorus (PjOi), 
and this is slowly absorbed by the water. The water rises 
in the beaker, taking the place of the oxygen thus removei 
and the gas left is nitrogen. This may be poured upward 
. under water into another beaker or collecting bottle, and 
the operation repeated until eofficient gas ia obtained. 

SOS PropertieB.^D escribe the gas, testing in the usual waj 
as to solubility in water, as to action on red and on bine 

310 litmus paper, and as to combustion with the taper. 

810/1 Note. — Phosphorus must be handled with the greatest care, H it 

ignites verj easily, and burns made by it are very paiiiliil and difficult 
to heal. It should never be cut except while it is under wat*r; tlw 
piece to be ignited should be gently touched with Slter paper to tike 
up the adhering water. After the generation o( nitrogen, any pi"* 
phorus left adhering to the lid should be carefully scraped off with ttid 
spatula and i.'oiupletely bunted, so that there shall be pomtively 0" 
phosphorus hft uneoTisuiaed. 

6a. Nilrogen Monoxide or Nitrou» Oxide, NfO 

812 Pieparatioii.— Use the flask fitted with a stopper, and 
with a rubber and glass delivery tube. Place in this ■ 
charge of solid ammonium nitrate, NHjNOj, eonsiderfllilj 
more than enough to cover the bottom of the flask. Snp* 
port the latter on the asbestos board and iron stand. It " 
well to pass the neck of the flask through the small ring 
to prevent its falling over. Apply heat, slowly at first, until 
a layer of melted salt covers the bottom of the flask. Aa 
the heating continues the salt apparently boils ; this is 
really decomposition, and, when it is well started, the flioe 
should be removed lest the action become too violent. Col- 
lect the gas over water. Remove the delivery tube froi" 
the water before the current of gas ceases. The gas u 

S13 nitrogen monoxide. Describe it, testing in the usual fflso- 
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3r as to solubility, action on litmus paper, and relation to 314 
unbustion. 

ExPLANATOEY NoTE. — Ammonium nitrate is decomposed by heat 
X) nitrogen monoxide and water, and the reaction liberates heat, 
rite the equation. 

6b. Nitrogen Dioxide or Nitric Oxide, NO 

Preparation. — As in Exp. 47/b. 317 

Examine as to solubility. After shaking in a test-tube 318 
th water, slip a crystal of ferrous sulphate into the test- 
be, opening it under water, and shake again. 

As to action on litmna — This can be observed only by 318/1 
pping the litmus paper under water into the tube or 
ttle containing a sample of the gas, since contact with 
r would entirely change its character. 

As to combustion. — The usual test with the taper can 318/2 
ily be applied in opening the bottle to the air, hence the 
►served property really belongs to nitrogen tetroxide or 

a mixture of the two oxides. 

Make the combustion test likewise with a piece of 
nited magnesium ribbon. 

Save a portion of this gas for the next experiment. 

• 

6c. Nitrogen Trioxide or Nitrous Anhydride , Nf^O^ 

No experiments. 319 to 

321 
6d. Nitrogen Tetroxide or Peroxide, N2O4, or NO ft 

Compare Experiments 47/i and 47/2. 

Pass some air into the bottle containing a sample of 
trie oxide. Note the color, solubility, and action on blue 322 to 
tmus paper of the tetroxide thus produced. 324 

6e. Nitrogen Pentoxide or Nitric Anhydride, Nf^O^ 

No experiments. 326 
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6f. Nitric Acid, HNO^ 

> PrepaiatioiL — It is made by the combination of nitroge "o 
pentoxide and water wliieh takes place on contact ; also l^^J 

adding sulphuric acid to a nitrate — for example, potasBiuL iui 

nitrate^and distilling the nitric acid thus liberated fro c '^^ 
the salt. (See Appendix, 18 B.) What is the other producr^iit 
in this reaction ? 

Properties. — Recall the reactions between nitric acid an d 

ferrous sulphate (Exp. 317), and zinc (Exp. 41/g) and tE n 

(Exp. 144). 

Neutralize about one half teat-tubefal of nitric ac^^d 
from the side table (thie is really a solution of nitric ac^SId 
in water, about 63 per cent) with ammonium hydroxide, co^i^ 
centrate, and crystallize the salt. 

I Take a few of these cry8ta,lB, or, without waiting f ■^■if 

these, take some of the substance from the side table, aik d, 

heating on the spatula blade, touch a glowing coal to t^fce 
melted salt. 

In similar manner use a few crystals of sodium or pot^^=- 
slum nitrate. 

! Hitrohydroohloric acid — Cut ofE a small piece of y*- t 
platinum wire. Boil this in a test-tube with a few drops of 
concentrated hydrochloric acid. Does it disaolTeP Pc^^nr 
off the acid and try if the platinum dissolves in conc^^n- 
trated nitric acid. Then add to the latter a few drops of 
hydrochloric acid, and again boil, \niat evidence of re .ac- 
tion do you see ? Does the platinum disaolve ? 

881/3 ExPLANAifoBr Note. — In this reaction the hydrogen of the hy^^Bi* 

chloric acid is oxidized to water by the nitric acid, chlorine is libera^t^ 

■ and the lower niide of nitrogen produced. The reaction takes place c^ ""'7 

^B when the acids are concentrated, and the solvent nction is due to ^^' 

^m nascent chlorine. The misture of the two acids is called nitrahj«3"'- 

^1 chloric acid, or " aqua regia." a» it was named in the earlj day^ ot 

H Qheiuistry because of its powerful solvent action on gold and o*. 

H metals. 



». 
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6h. Ammonia^ NH^ 

Prepa^tion.— Heat in a test-tube a piece of flannel or 834 
other woolen stuff. Note the odor of the gas and its action 
on litmus. 

ExPLANATOEY NoTE. — Wool, hair, and similar organic substances 
contain nitrogen, as does coal also ; these, by dry distillation, yield 
ammonia or ammonialike substances. Ammonia, therefore, is a prod- 
uct in making illuminating gas by the distillation of coal. 

Rub together in the mortar, or even in the palm of the 884/1 
hand, some sodium carbonate or some lime and an ammo- 
nium salt. What gas is liberated? Write the equation 
for the reaction. 

In a flask fltted with stopper and delivery tube, heat some 884/2 
ammonium hydroxide solution. Collect the gas in a dry 
bottle ; it is lighter than air. Is it soluble in water ? What 885 
18 its action on litmus ? Does the taper or match burn in 
the gas ? Does the gas itself burn ? Test this by holding 
^he tube which delivers the ammonia close to the flame, or 
^y passing the gas into the openings at the base of the 
^hinmey. What do you infer are the products when am- 
monia bums ? 

7. OXYGEN 

O.— 15.88 

Preparation. — Heat in a test-tube a small quantity of 852 
l^otassium chlorate, KCIO3 (about as much as could be 
^^aped on a copper cent). Note the phenomenon, and test 
^lie gas at the mouth of the test-tube with a lighted splinter 
^t wood, having care that nothing drops into the test-tube. 
5^^ a similar manner heat about the same quantity of man- 
ganese dioxide. Are you able to get evidence of oxygen at 
'^^lie mouth of the tube ? Now mix a little of the chlorate 
^nd dioxide, and heat as before and test the gas. Is the 
as obtained more readily with or without the dioxide ? 



To obtain the ga.s in larger quantity for examination {it-^ 
the reservoir supply ia not at hand), prepare it ae in Espt^ 
71 A, and collect in the smaller bottles. Becall the resultc:;*- 
of Exps. 71 A and 71/^. 
) Examine as to aolubility, action on litmus, and relati«zz3n 
to combustion, using a candle or splinter of wood ; and if 
further illustration is desired, use a bit of sulphur ignit^^ 
in the metal spoon. 

Note. — After oxygen is evolved from the ehlorabe, KClOi, pot- .a» 
aium chloride is left. If the tetnpemture is higli enough, cisrgei»_ is 
obtained from the manganese dioxide alone, as expressed it 

3MnO, = Mn.O. + 20. 




8. FLUOBINX 

F.— 18.91 

402 The preparation of this element is difficult, anT 
practically impossible as a laboratory experiment. 

Its compound with calcium, CaFj, is a common mine:«^') 

40o known as calcium fluoride orfiuor spar. This is a salt> "' 
hydrofluoric acid, HF. By acting upon it with strong ^lil- 
phuric acid, the former acid is liberated as a gas. 

CaFj + HsSO, = CaSO, + 3HF. 

406 The hydrofluoric acid attacks and dissolves glass, an *3 is 
used practically for etching. This may be illustrated as fol- 
lows : Clean and dry a piece of window glass {use one of yonr 
glass covers) ; spread over it a thin film of melted para-fii, 
using the hot spatula blade to melt the latter. With "tbe 
point of a pin or penknife expose the glass surface by trao 
ing any chosen design through the paraffin. In a shaUoff 
lead dish place some powdered fluor spar, and mis this 'witb 
sulphuric acid to a thin paste, A splinter of wood njsy 
serve as stirrer. Cover the dish with the glass plate, tie 
protected side down, and leave for twenty-four hoora 
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Clean off the paraffin with hot water, and the design will 
be found etched into the glass. (Scrape the content of 
the lead dish into the waste jar.) 



9. SODIUM 

Na.— 88.88 

The element is supplied already prepared. Describe its 410 
appearance. It decomposes water at ordinary temperature. 
To show this, wet a filter paper, spread it flat on the table, 
^Txd lay on it a piece of red litmus paper. Place on the 
filter a piece of sodium, perhaps twice the size of a pin- 
^^ead. (Have care not to touch sodium with wet fingers.) 
C> escribe the phenomenon. If the sodium does not take 
iT'e, let a drop of water fall upon it from a glass rod 
^^ the end of the finger. Note the action on the litmus. 
E^iplain the whole reaction. (Toward the end of the reac- 
tion the little globule of melted metal is likely to snap off 
^lie paper. Be careful that it is not thrown in the face, 
'^i* elsewhere, to do harm.) • 

9c. Sodium Hydroxide or Caustic Soda 

Eecall what is already known of this substance from 420 
f>Tevious experiments. Describe the solid hydroxide. Make 
^ solution of it, a stick 4 or 5 centimeters long (IJ or 2 
Inches), in a beaker one half to three quarters filled with 
Water. Observe what takes place during solution. Xeu- 
bralize about three quarters of the solution thus obtained 
with hydrochloric acid, filter, concentrate, and crystallize. 
\Vhat is the appearance of the crystals ? What is the sub- 
stance ? Write the equation for the neutralization. 

With another portion of the sodium hydroxide solution, 420/1 
observe and describe what takes place on adding a few drops 
of it to dilute solutions of these several salts in different 
lest-tubes : Ammonium nitrate or chloride (heat, and note 
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odor), iron sulphate, copper sulphate, alnm (i. e., alummiuin 

sulphate), sodium nitrate, and perhaps other salts ii at hand. 

420^ EsPLANATOKY Noi'E. — Sodium hydroxide is a base, and it is at 

> least coamvable that, when added tu a salt, it might combine with the 
acid of the latter, forming a new salt and leaTing the bitHe of the origi- 
nal «alt wholly or partly deprired o( its acid— i. e,, leaving it In the 
condition of a hydroxide. Now, if this took place, and if either the ^ 

new salt or thn new hydroxide were insoluble in water, evidence of the ^ 
change would be seen in precipitation. On the other hand, it the new .^ 
aubstancas were soluble, no precipitate would appear, and it might .^ 
be diflicatt to get evidence as to the change. The fact is that the j-^^ 
sodium salts are soluble, but the hydroxides of iron, copiier, and alu- — _^- 
minium are insoluble, and are the precipitates which are seen in the?e^»,jg 
reactions. Ammonium hydroxide is soluble, hence no precipitate i^±^^ 

Iseen with theammoninm saltsj but if the mixture is boiled, ammonia is ^Sr 1 
liberated, showing the presence of the hydroxide in the solution. Witl!g~ .-») 
sodium nitrate, of course, there is no reaction. The reaction with iror ^;:zin 
sulphate is expressed in saying sodium hydroxide and iron sulphat::V~.,_4ie 
become iron hydroxide and sodium sulphate. With this informatio^;:;aBii 
let the student complete the second, third, and fourth of the toUowioi 
equations, in which the precipitates are underscored ; 
2NaOH + FeSO. = FeO,H, 4- Na.SO. 
NaOH + CuSO. = CuO,ll, + 
NaOH + AU(SO.), :^ A1.0,H. + 
■HaOH + NH,NO, = NH.OH + 
NaOH -♦- NaNO, ^ no reaction. 
10. ICAONESITTH 
Mb.-si.io 

445 The element itself is supplied. Describe Jta appe^^ear- 
anee and recall whatever haa been learned of it in previo ■^■^ns 
experiments. By observation answer the following qu^ -ss- 
tions : Does magnesium melt ? Does it burn ? What 's 

MS the appearance of the product of combustion, MgO ? Dtzr^^es 
the oxide dissolve in water ? In hydrochloric acid ? 

TTaing strips of the ribbon, one or two centimeters lo^^n^ 
{one half to three quarters of an inch), ascertain if n 
siura decomposes col" or boiling water. (Hav« 
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piece of red litmus paper in the water.) Does the hydrox- 
ide act as base or acid ? Does the metal dissolve in very 
dilute hydrochloric acid ? In very dilute nitric acid ? In 
very dilute sulphuric acid ? 

Make a dilute solution of magnesium sulphate (MgS04), 446/1 
by dissolving the dry salt (from the side table), a lump 
about the size of a pea, in a test-tube nearly filled with 
water. Add to a small portion of this solution a few drops 
of sodium hydroxide solution. What is the precipitate? 
(See No. 420/2.) ^^ ^ similar manner add to different por- 
tions of the magnesium sulphate solution a few drops of 
solutions of these several substances : ammonium hydrox- 
ide, ammonium chloride, ammonium carbonate, sodium 
carbonate, sodium phosphate. Magnesium hydroxide, car- 
bonate, and phosphate are insoluble. With this informa- 
tion complete the following equations : * 

Mg + = 

Mg + HCl = MgClg + 

Mg + H2SO4 = MgS04 + 

MgS04 + NaOH = 

MgSO^ + NagCOa = MgCO., + 

MgS04 + ]Sra2HP04 = MgHP04 + 

What is the valence of magnesium ? 

11. ALUMINIUM 

Al.— 26.9 

The element itself is supplied. Describe its appearance. 451 tc 
^y trial learn if it melts, and if it burns. Does it decom- 454 
^ose water, cold or boiling ? Does it dissolve in dilute hy- 
drochloric acid ? In dilute nitric ? In dilute sulphuric ? 
Jin dilute solution of sodium hydroxide (boil) ? What is 
"the behavior of aluminium sulphate (alum) in dilute solu- 
"tion toward these several substances also in dilute solution : 



ELEMENTARY PRINCIPLES OF CHEMISTRY 

sodium hydroxide (first in small proportion then in excess), , 
ammonium hydroxide, ammonium chloride, sodinm carbon- — 
ate, Hodiura phosphate? Aluminium hydroxide and phos- — , 
phate are insoluble in water ; the chloride is soluble. The^ 
hydroxide dissolves in excess of sodium hydroxide, forming^j 
a soluble compound in which the former acts as acid, aodEs 
the latter as base. 

12. BILICOH 



EsPLiNATORv Note. — Ii 13 not praciicable lo supply the element 

not, inileotl. oren to show it. The dioxide, SiOi, is, howeTer. abiuidua~« 
4iS as common sand. This oxide aicta as an ftcid-fonner. and when brDi]glK:tf 
ID contact vllh fused sodium parbonate it liberates carbon dioxide ao' ^t^ 
notaianta with tlw base, farming a silicate, the compositiou of whic -^tj 
may b» sufBcicntlT indicated b; the formula NaiOSiOi or NaiSiOs ^ 
This is soliihir iu water, aud when hnlnxbloric acid if added to the soIil^b" 
Ikm itw silieio arid, H,OS)Oi . in turn is liberated and, being- insotablT^ 
iu ■alN', b prt?i[>ii*i«d. TIm prectpiiale is. bawnr. eoluble in Ui=^ 
hjxliwliloric acid, piubahlr wititotit cimnical ciiange, and maj be repr^MM 
vipitatMl bj nnimliting ibe airid. DCl. wilb ammociiiUD bi-droxide. 

■Ii4 PUoe a fev irrxins of sand (powdered glass may be afl&<f 
in Ifaff same way) in a shallov hole of a piece of charcoa/, 
rovt^r ibe $aiid vith fire or six times itsbolk of eodinm carboD- 
•te, toss thorougUy, o^iog th« biovpipe. Xote the minnt« 
tmbUcs, What cMi$e$ them ? After sufficient fuMoiu re- 
noTO the nixtniv from th« chan.>wl, treat with hot water, 
filt»r, »ckliiil»te with hTdrgrUorie acid, osiag Utmos paper, 
and bttl. If tW fwvcipitato does not apftear, «dd amino- 
ftiua hjl^roxtd« 10 eii^t alkaliattr, »ad boO again. De- 
wriW the apfMnncv «t lb* pfM^pitatcd silinc acid. H^O] . 
I'QM tW pndpiMe and dnr iL 

Xa^\ - HC1 = HiS«>, + 
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13. PHOSPHOBXJS 

p.— 80.8 

Becall the use already made of phosphorus. It must be handled 
with the utmost caution, because of the danger of ignition. Burns 
produced by it are painful and diflBcult to heal. 

Describe the appearance of yellow phosphorus. 480 

Place the porcelain lid and cork on a dry glass plate. 487 
On the lid place a small fragment of phosphorus. Ignite 
the latter and cover it with a dry beaker. The oxide 
formed is mainly PgOs. Describe the burning and the 
product. Let the white oxide settle upon the glass plate. 
Observe the marked deliquescence. Touch blue litmus 
paper to the oxide. Is it an acid- or a base-forming oxide ? 

Phosphoms a redudng agent — Into a test-tube about one 487/1 
third filled with a dilute solution of silver nitrate, AgNOa ? 
drop a small piece of yellow phosphorus, about twice the size 
^f. Si, pinhead. Let stand for twenty-four hours. Minute 
cirystals of metallic silver will be seen at the bottom of the 
test-tube. The liquid may be drained off and the crystals 
fused on the charcoal or asbestos to a small globule of silver. 

Describe the appearance of the red phosphorus, and 490 
compare it with the yellow as to inflammability. 

ExPLANATOEY NoTE. — PhosphoFus peiitoxide combines with water 494 to 
in three different ratios, forming three phosphoric acids, thus ; 496 

PaOs + 3HaO = 2H8PO4 = orthophosphoric acid. 
PaOs + 2H9O = H4P20'r = pyrophosphoric acid. 
PaOs-f- H9O = 2HP08 = metaphosphoric acid. 

When sodium orthophosphate, Na9HP04, is sufficiently heated, it be- 
comes the pyrophosphate, Na4P90T. Both are soluble in water, but the 
latter does not immediately pass back to the orthophosphate when in 
contact with water. 

Taking a fragment of crystallized sodium orthophos- 
phate, !N"a2HP04, fuse it on charcoal, keeping it fused for 
some minutes. Eemove the salt when cool, dissolve in a 
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little hot water, filter, and to the solution add a few drops ' 
of silver nitrate solution. Describe the precipitate, Ag^PjOj, 
Dissolve a small piece of the sodium orthophoaphate in 
water, and add to this a few drops of silver nitrate. De- 
scribe this precipitate, AggPO,. How has the fusion ^ 
changed the orthopliosphate ? Write the equation for the ^ 
reaction of fusion, also for the precipitations. ^^^ 

^1 14. STTLFKUR ^^H 

fi.— 31.8S 

600 Bnlphnr was studied in considerable detail at tbe ver;^ first of the^^-^ 

course, and it would seem unuecessaiy lo repeat the experiments *■"— — ^ ^^ 
They should at least be recalled, and it may be well to write out a de-.^^ jg. 
acription from the earlier observations. These items may serve as o\it^m'.M^(. 
line ; speciQc gravity, as to solubility in water, color, hardness, cry^s "^» 
talline form from lusion, from solulion in carbon disalphide, plastLS: ^zj^c 
allotropic form, fusion, combustion, behavior with iron, with sine, an^Mr^d 

filO Eydrogea lulpbide, H^ also was studied somewhat, and these ftenr^r^Hnu 
and should be recalled : formation bj the action of hydrochloric acid a=^ on 
(ill Dietallic sulphides, odor of gas, action on paper wet with lead acetat:^'.^^ 
behavior with strong nitric acid. 

512 The BolphidoB.— Hydrogen sulphide is an acid, and i£r in 
combining with ammonium hydroxide it forms the acE: szsid 
sniphide, XH,HS, or the normal (XH,)^. Persulphid* _^ea 

talso are formed, such as (XH,)eS. and (SH4)iSj, the eoe^^fc =ffi- 
dent of S being 2 or more. The common reagent, yeUcc:*- -Oif 
unmoninm sulphide, much used in the laboratory, is ma» .^mde 
by saturating ammonium hydroxide nith the gas, H^S. It 

therefore contains more or less persulphide. With 
solution of ammonium sulphide make the following e: 
ment£ and describe the results : Add a small portion 
these several solutions : hydrochloric acid, sodium nil 
magnesinm sulphate, alum, iron sulphate, copper eulphi 
lead acetate, and, if at hand, to solutions containing areetnu'i:', 
antimonv, and ■.cadmium. 
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Complete the following equations : 

(NH4)2S+HC1= ' 

(NH4)8S8 + HC1 = S + 

(NH4)2S + XaNOa = 

(NU,)S + MgSO^ = 

(NU,)S + A\,{SO,)s = AlAHe + 

(NH4)2S + FeS04 = FeS + 

(NK^%S + CUSO4 = CuS + 
What is the valence of sulphur in hydrogen sulphide ? 
Sulphur dioxide. — This substance is formed by burning 516 
sulphur, but more conveniently by the action of hydro- 
chloric acid on sodium sulphite, NagSOa. Place some of 
tile latter in the generator, add the acid gradually, and 
collect the gas by dry displacement, since it is soluble in 
water and heavier than air. Test the gas for odor (it is 516 
very irritating), solubility, action on the burning candle or 
naatch, weight as compared with air (as in the experiment 
with carbon dioxide No. 263), and action on litmus paper, 
both brief and somewhat prolonged. 

To a portion of sodium sulphite solution add a few 617 
drops of potassium permanganate, KMn04, and to another 
portion add a crystal of iodine. Describe what takes place. . 

Sulphur dioxide, sulphurous acid, HsSOs, and the sulphites, all tend 
^J^ore or less readily to take up oxygen and become the trioxide, sul- 
phuric acid, H9SO4 , and the sulphates respectively ; the former there- 
fore act as reducing agents. 

Complete these equations : 617/1 

S + = 
SO2 + HgO = 

HgSOa + NaOH = NagSOg + 
Na^SOa + HCl = 
S02+0 = 
H2SO3 + = 
NagSOs + = 
Na^SOs + H2O + 1 = 2HI + 
NagSOa + KgO.Mn A + HgO = 2K0H + 2MnO + 
23 
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Solphniic acid. — With sulphur trioxide it ia not practi- 
cable to work, but its compound with water, sulphuric acid, 
HjO.SOs, or HjSOi, is a common reagent. DcBcribe its 
appearance. 

Taking about one half of a test-tubeful of the conceo- 
trated sulphuric acid, dilute it with about three times its 
volume of water. Note what takes place. Caution : 
Make if a rule in diluting strong svlpJiuric acid alwaga to 
add the acid to the water slowly and with constant stirring, 
and never ike water to the acid. ^Tiy ? 

Taking three equal portions of the dilute acid, neutral- 
ize one portion with a solution of sodium hydroxide, filter, 
concentrate, and crystallize. Neutralize the second por- 
tion in the same way, and to it add the third portion ; filter, 
concentrate, and crj'stallize. Compare the crystallizations; 
dry a sample of each product on filter paper, and test it 
with litmus paper, red and blue. Let a sample of each lie 
exposed to the air for twenty-four hours. 

To show the tendency of strong sulpliuric acid to re- 
move the constituents of water : having a small quantity 
of the acid in a test-tube, drop into it a splinter of pine 
wood, or a piece of filter paper. What takes place after 
some minutes ? 

Sulphate changed to sulphide : taking a crystal of 
sodium sulphate from the side table or from the product 
of the preceding experiment. No. 521, fuse it on the char- 
coal, first adding some sodium carbonate (use the reducing 
flame of the blowpipe). Remove the product from the 
charcoal, lay it upou a piece of filter paper wet with lead 
acetate, and let a drop of water fall upon it. What does 
the black stain indicate ? A silver coin may be substituted 
for the load paper. 
> Solubilitf of Bulphate&^Add a few drops of sodium sul- 
phate or of dilute sulphuric ai4d to a solution of lead ace- 
tate ; also, if at hand, to the solution of a barium salt (e. g., 
BaClj), and of a strontium salt (e. g., SrCl,). 
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Complete these equations : 

SO3 + HgO = 

H8SO4 + NaOH = NagSO* + 
HgSOi + NaOH = NaHSO* + 
NajSO* + C = IsaS +COg 
HgSO* + BaCU = BaS04 + 
NagSOi + SrClg = SrSO« + 
IfajSO* + Pb(A)2 = PbSO* + 

IS. OHLORINI! 

a.— 85.18 

This element is extremely disagreeable to deal with in 
large quantity. It is best that the illustrative experiments 
in the laboratory be only on the test-tube scale. 

Preparation. — Hydrochloric acid is commonly the source 629 
of chlorine. From this it is obtained by oxidizing the 
hydrogen to water, and thus liberating the chlorine. The 
methods differ only in the means used to oxidize. 

(a) Place in a test-tube a small quantity of manganese 629/2 
dioxide, Mn02, about as much as could be heaped on a cop- 
per cent. Add to this about one quarter of a test-tubeful 

of concentrated hydrochloric acid and warm gently. Ob- 
serve cautiously the odor, also the effect on wet litmus 680 
paper of brief and then of somewhat prolonged exposure 
to the gas. Enough of the gas may be generated in the 
test-tube to show its color, and some of it may be poured 
into a second dry tube (it is heavier than air) in order to 
test as to its solubility in water. 

Complete this equation by inserting the necessary co- 
efficients : 

MnOg + HCl = MnClg (sol. salt) + HgO + CI. 

(b) Place in a test-tube some potassium chlorate, KCIO3, 629/1 
about the size of a pinhead, and add concentrated hydro- 
chloric acid, a few drops. Note the evolution of gas, the 



odor, color, etc. Dilute with water. Does the reaction 
I'ontinue ? Complete the equation : -^ 

KCIO3 -f HCl = KCl (sol. salt) + H,0 + Ci Hi 

Hydrochloric And, HCl ^^ 

1 PreparatioiL — Place somo godium chloride, NaCl, in a 
lest-iiibt- ; H lump about the size of a pea will serve. Add 
to this a few drops of concentrated anlphnric acid, H^O,, 
and warm. Note the odor of the gas, and its action on 
liluo litmus paper. Hold at the month of the testr-tabe a 
glass rod wet with ammoninm hydroxide. What canEea 
the white fumes? 

The properties of hydrochloric acid hare been illna. 
trated in its repoatt^d use. 

Solubility cf chloridw — Mix a few drops of hydrochloric 
acid, cr of sodium chloride solution, with these several salts 
in dilute solution: lead acetate. P^CJIjOj).; silrer ni- 
tratft, AgXOj; mercnrons nitrate (if at hand), HgXO, ; 
nutgnesJum sulphate, MgSO,; iron sulphate, FeSO«, etc. 
The fiist threw of these b^vs ttam insoluble chltsideB. 
The other chlnHdes aie as a role solnble. 

Complete thei>e equatiiuis : 

Ha + AeXO,= 






kj^vaxide, KOO, a^4^ 

be Bale encdT as with 
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17. CALCIUM 

Ca.— 39.7 

The element is not available for these experiments, 581 
being difficult to obtain, but the oxide, lime, CaO, is read- 
ily procured. If quicklime is at hand, use it to observe the 
effect of contact with water. If only slaked lime, Ca(0H)2, 
is provided, it will serve, except for this single observa- 
tion. Learn by experiment if calcium hydroxide dissolves 682 
in water. Does it act as base or as acid ? What reaction 
takes place with carbon dioxide? Prepare a solution of 
calcium chloride, CaClg, by neutrailizing with lime about 
one third of a test-tubeful of the acid, and filtering. With 684 
this solution, observe the reactions with dilute soliilions of 
these several substances : ammonium hydroxide, chloride, 
carbonate, and oxalate (NH4)2C204 ; sodium phosphate, and 
sodium or potassium sulphate or dilute sulphuric acid. 
Complete the following equations : 

CaO + HgO = 
Ca(OH)2+C02 = 
Ca(0H)2 + HCl = 
CaClg + (NH4)2C03 = 
CaClg + (NH4)2C204 = 
CaClg + ]Sra2HP04 = 
CaClg + ]Sra2S04 = 

23. IBON 

Fe.— 55.6 

Several experiments with iron and its salts have already 596 
been performed, and should be recalled here. With a sam- 
ple of iron, learn by trial if it melts or burns in the flame 
of the Bunsen burner or in that of the blowpipe. Does 
it decompose water, cold or boiling ? Does it dissolve in 698 
dilute hydrochloric acid (recall other experiments) ? In 
dilute nitric acid ? In dilute sulphuric acid ? 
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Take about a teatr-tubefol of bjdrocliloric acid, dissolve 
in tliia as much iron aa it will take up, keeping some ei- 
tiesa of iron present (a nail serves well). Filter, coucen- 

600 trate, and crystallize the ferrous chloride. 

As alternative with the preceding, dilute sulphnric acid 
may be used and the ferrous sulphate may be crystallized. 

To a dilute solution of ferrous salt freshly made, add 

ammonium hydroxide solution. What la the precipitate ? 

JOO/1 To a dilute solution of ferrous salt add a few drops of 

concentrated nitric acid, boil a few seconds, then add am- 

moniuin hydroxide to alkaline reaction. IVhat is the pre- 

601 cipitate? [Ferric hydroxide, Fe,(OH)s or Fe(0H)3, simi- 
lar to jron rust.] What takes place when solution of 
ammonium sulphide is added to a ferrous solution ? Re- 
call the experiment made previously in studying the sul- 
phides. 

ExpLAXAmsY Note, — The ferrous salts when in solution oxidize 
readily lo ferric falls eren br the action of the air, inore quickly bj 
the 4cUon of nitrite aoid. The color cbanges in consequeiiee. and the 
ftreejpitales with ammoDium h^roxide and other re»geul£ are different. 

Complete the following equations : 
Fe+HCl = FeCl,+ 
Fe + H^O, = FeSO, + 
FeSO, + HSO3 = Fe^SO,)j+ XO + 
FeH, + N^OH - Fe(OH). + 
Fea, 4- XH4IIS = FeS + 
FeO, + SH.HS = FeS + 
FeCU+ yH.OH = Fe(OH),+ 
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Weighing. — Substances which corrode metal should be 1 
weighed on glass, and general care should be taken to pro- 
tect the metallic parts of the balance from injury. Things 
when weighed should not be hot, but should be at the tem- 
perature of the room. During the more exact weighing, 
care should be taken that currents of air do not interfere 
with the swinging of the beam. The equilibrium should 
be tested while the beam is in motion by the equality of 
swing to either side of the zero point, S^ on the scale. 
Generally the equilibrium should be tried with nothing in 
the pans before the actual weighing. In using balances of 
the type A or B (Fig. 5 or Fig. 6), it is. best to put the ob- 
ject to be weighed on the left-hand pan, and the weights, 
or counterpoise, on the right. The weights should be placed 
in the pan for trial in regular succession, until one is found 
which is too heavy and one which is too light, and finally the 
exact counterpoise is found. It is well to read the weights 
first from the vacant places in the box, record the total, 
then read from the weights themselves as they are taken 
from the pan, the largest first. Care must be taken to 
return each weight to its proper place, to guard against the 
loss of any, and to leave the balance clean and in proper 
condition for the next weighing. 

The balance of the type A is for the heavier weighings, 
and will hardly respond to less than 0.2 or 0.3 of a gram. 
The balance B should indicate 0.01 of a gram. The equilib- 
rium is tested by pressing down the lever, Z, which raises 
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the beam so that it is free to swing. The balance C has 
but one pan, and the weights are in the form of rings 
which slide along the beam without removal therefrom, 
but when not in use hang upont he peg, P. The largest 
ring gives grams in tens, the next smaller in units, the 
third in tenths, and the fourth in hundredths. So the 
total reading shown in the figure is 75.30 grams. 

Heating a test-tube^ Fig. 11. — A strip of paper is folded 2 
two or three times upon itself and wrapped around the 
test-tube to serve as holder, or, better, a strip of asbestos is 
thus used. 





Fig. 11. 



Fig. 12. 



Pouring from a reagent bottle^ Fig. 12. — The stopper is 3 
taken between the fingers of the right or left hand as pre- 
ferred, and withdrawn from the bottle. This is to avoid 
laying the stopper on the table. 

Inverting and shaking a test-tube^ Fig. 13. 4 

The mortar and pestle^ Fig. 14. 5 





Fig. 13. 



Fig. 14. 
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The gas generator. Fig. 15. — T, Thistle-tube; B, deliT- | 
ery tube. It is well to wet glasa tubing when pntting it 
through stoppers or contiecting it with rubber hose. 

To cut glasa fubing.^-M.a.ke a scratch with a three- 
edged file where it is desired the tube shall break. Hold 
the tube in both hands, the thumbs brought together on 
the opposite side from the scratch. Pull the hands apart 
in the direction of the tube's axis, with only a verg slight 
bending motion. If the tube is short or the glass thin, it is 
well to hold it in one or two folds of the towel. Fig. 16. 

To smooth the sharp edge of a cut tube, hold the end in 
the gas flame until the glass softens. Fig. 17. 

To bend glass tubing, hold it in the flame, preferably a 
wide one, twirling it between the thumb and fingers until 
the glass is thoroughly softened, then slowly bend to the 
desired angle. The bend should be smoothly curved, as 
seen in the figure. If the heating is insufficient, or the 
bending too hasty, the glass wrinkles, and the tube is likely 
to break. It is well to pass the tube through the flame 
once or twice after it is bent, so that the cooling may be 
slow. Pig. 18. 
I To draw out and close glasa tubing, hold it in the flame 
until the glass is well softened, then draw apart slowly and 
to the desired extent, and finally>heat it still more at the 
separating point and draw again. Fig. 19. 

Heating a crucible. Fig. 30. — The crucible, C, rests on 
the pipestem triangle, 7", and this in turn on the iron ring 
of the stand, S. The tonga, X, are used to handle the 
crucible or its lid while hot. 
! Evaporation to dryness in the porcelain dish, D, Pig. 
21. — When there is danger of spattering, it is well to hold 
the burner in the band, and to touch the tip of the small 
flame for a moment to the bottom of the dish. The pur- 
pose is to heat, but not enough to cause the formation of 
bubbles of vapor. Constant stirring with the rod, R, is 
important. ^^^^ 
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t FiUralioH. — Prepare the filter paper by folding it across 
two diameters at right angles to each other, then separating 
the quadrants so as to form a cone, d. The cone ^oold be 
fitted into the funnel and then wet, so that the paper ad- 
berea to the glass. Fig. 33. 

Fig. 33. — Filtering, pooling the liquid from the beaker. 
B, a^ing the rod. R, upon the foime]. F-. showing the stem 
of the funnel lying against the wall of the beaker, so that 
the liquid which mns through maj not csdm Epstteriiig 
bj dropping into the middle of the beaker. 

I Tht ffradiiaied eylimier. Fig. 34, to use in 

liquids ; content, fift; cabic centimetera (c. c). 
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Ths thermometer. — The measurement of temperature 15A 
is made with the centigrade thermometer. The fbced points 
of this are the boiling point of water and the melting point 
of ice. The latter is made 0° of the scale, and the former 
is made 100°, the space between the two points being 
divided into one hundred equal parts, called degrees. In 
the Fahrenheit thermometer, which is more commonly 
used in matters other than scientific, these two points are 
made 32° and 212° respectively. The relation between the 
two scales is made clear in the diagram. Fig. 25. 

Thermometers are fragile and expensive, and must be 
used with care. 
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I The barometfj; Fig. 36. — The long tube is completely 
filled with mercury, then inverted in the shallow dish of 
mercury. The atmospheric pressure on the free surface of 
the mercury sustains a column of varying length, the nor- 
mal being 760 milUmetera. Fig. 27, the siphon form^^rf 
barometer. 
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Mdting-point determination. — Fig. S8, the sample tube, 18 
8T, attached to the thermometer by a rubber hand. The 
sample tube is prepared by drawing out, as shown in 
Appendix No. 10. 

Fig. 29. — The thermometer and tube suspended in a 
beaker of water ; stirring rod, B. 



•f-f 




Boiling-point determination. — Fig. 30, the boiling flask, 17 
F, supported on the iron stand, the neci of the flask passed 
through the smalier ring ; thermometer, T, passed through 
the stopper, the bulb being well above t!ie liquid but below 
the exit tube, E. It is well always to wet the thermometer 
before passing it through the hole of the stopper ; it thus 
elides more easily, with less danger of breaking. 
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' Distillation. — Fig. 31, a common form of distilling appa- 
ratus for the laboratory. Ftaek, F\ condeuBer, C; om- 
denBing water flowing in at E, and out at ; receiver, R ; 
thermometer, T. 
ISB Fig. 32, another form of dietilling apparatus, showing a 
retort, R. 




\ Manipulation of gases. — I. Fig. 33, the collection of g 
over water. D, delivery tube ; B^ bridge on which the col- 
lecting vessels are supported ; 7", water-tank. 

II. Fig. 34.^Pouring gas from one vessel to another. B 
is first filled with water, covered with a glass plate or piece 
of card board, and inverted in the tank. A contains the 
gag which is poured upward ioto.ti 




III. Fig. 35.— A bottle of gas removed from the tank 
for examination. 

IV, Fig. 36. — Testing a gaa with a lighted taper. 




V. Fig. 37. — Collecting a gas heavier than air by dry 
displacement. 

VI. Fig, 38. — Collecting a gas lighter than air by dry 
displacement. 
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The use of the mouth blowpipe. — Tliia, to be satisfactory, 
requires practice. It is neceeeary to blow contiuuoiisly for 
some length of time, much longer than can be done in a 
single exhalation. But it is possible to use the cheeks like 
bellows in such a way that inhalation through the nostrils 
may go on without interrupting the current of air through 
the lips. Repeated trials, with some patience, will show 
better than words can how this in done. 

I, To make the oxidizing flame : Insert the tip of the 
pipe in the gas flame (the yellow flame serves best), and 
blow a stream of air to the left hand and downwwd, so 
that you have a sharp, well defined tongue of blue flame. 
The bead should be held at the extreme tip of this, in order 
to have high temperature and free access of air. Fig. 39. 

II. To make the reducing flame : Hold the tip of the 
pipe Just at the edge of the flame and to the right, and 
blow more gently than before, bo that you have a flame less 
contracted than the other and slightly yellow- The bead 
should be held well within the flame, near the tip of the 
inner cone, where there is high temperature, and where at 
the same time the bead is surrounded by hot, combustible 
gas with no access of air. Fig. 40. 
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A Few Data of Frequent Use 

One liter of air, at 0° and 760 millimeters, weighs 1.293 
grams. 

One liter of hydrogen, at 0° and 760 millimeters, weighs 
0.0899 of a gram. 

One liter of carbon dioxide, at 0° and 760 millimeters, 
weighs 1.977 grams. 

Specific gravity of air (H = 1), 14.4. 

One cubic centimeter of water, at 4°, weighs 1 gram. 

One gram = ^ of an ounce approximately ; more closely 
= 0.035 of an ounce. 

One gram = 15.4 grains. 

One kilogram = 2^ pounds approximately,* more closely 
= 2.205 pounds. 

One ounce (avoirdupois) = 28.35 grams. 

One pound (avoirdupois) = 453.6 grams. 

One liter = 1,000 cubic centimeters = 1.06 quarts (wine). 

One quart (wine) = 0.95 of a liter. 

One meter = 3.28 feet = 39.37 inches. 

One millimeter = 0.00328 of a foot = 0.03937 of an inch. 

One foot =30.5 centimeters. 

One inch = 25.4 millimeters. 
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Comparison of units. Fig. 41. 
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Fig. 41. 
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Pressure of water vapor in millimeters of mercury : 



At 18° C. = 15 mm. 
Afc 19° C. = 16 mm. 
At 20° C. = 17 mm. 



At 21° C. = 18 mm. 
At 22° C. = 20 mm. 
At 23° C. = 21 mm. 
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"THE BOOK OF THE YEAR.' 

Life and Letters of Thomas Henry 
Huxley. 
By his Son, Leonard Huxley. In two volumes. 

Illustrated. 8vo. Cloth, ^5.00 net. 

"This very complete revelation of the character and wort of 
a man who rnu3t be regarded aa one of the forces which gave 
character to the nineteenth century will be welcomed by a iar 
wider circle of readers than that which is interested in Htmlcy'a 
strictly scietitilic researches. . . , These two richly interesting 
volumes are sure to be widely read." — Londitn Timei. 

" It ' goes without saying ' what precious freight was carried 
by Huxley's letters, , . , These two delightful volumes," — . 
Lende/i Chronicle. 

" Huxley's life was so foil, so active, so many-sided, in touch 
with such a number of intEiesting people, that this work appeals 
10 all sorts and conditions of men. . , , An admirably written 
biography." — Lendon Standard. 

"Hia letters are a self- revelation of the man, his work, his 
ambidons, his trials, his views of religion, hia philosophy, his 
public activity and domestic happiness. . . , Whoso reads these 
volumes will feel that he knows better a man worth knowing, 
and the number who wilt read them will be j;reu[." — Londaii 
Telegraph. 






makes a wonderful story." — Londtm 



Mail. 

" Mr. Leonard Huxley has given the world many extremely 
valuable and mteresting letters, all characteristic, and he has con- 
nected thera by a well-written consecutive narrative which is 
sufficient to weave them together." — London News. 
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